To affiliate or not to affiliate: Investigating facial mimicry in early development by Vacaru, V.S.






The following full text is a publisher's version.
 
 
















































It is my great pleasure to invite you
to attend the public defense of my
PhD thesis entitled
To Affiliate or Not To Affiliate:
Investigating Facial Mimicry
in Early Development
which will be held on June 10, 2021
at 10:30 in the Aula of the Radboud
University, Comeniuslaan 2, 6525 HP 
Nijmegen, the Netherlands.





















To Affiliate or Not To Affiliate: 



















Doctoral Thesis by 
Stefania Victorita Vacaru 
ISBN 978-94-6423-192-2 
Cover photo and drawings designed by Maaike Borsboom 
Layout design Stefania V. Vacaru 
Printed by ProefschriftMaken | proefschriftmaken.nl













 To Affiliate or Not To Affiliate: 










ter verkrijging van de graad van doctor  
aan de Radboud Universiteit Nijmegen  
op gezag van de rector magnificus prof. dr. J.H.J.M. van Krieken,  
volgens besluit van het college van decanen  
in het openbaar te verdedigen op donderdag 






door Victorita Stefania Vacaru 
geboren op 27 december 1989  
te Roman (Roemenië) 
  
Promotor:  
Prof. dr. S. Hunnius 
Copromotor: 
Dr. J.E. van Schaik 
Manuscriptcommissie:  
Prof. dr. H. Bekkering 
Prof. dr. H.J.A. van Bakel (Tilburg University) 
Dr. P. Vrticka (University of Essex, Verenigd Koninkrijk) 
TABLE OF CONTENTS 
Chapter 1 General introduction 
Chapter 2 Facial mimicry and its modulation by early attachment relationships 
Chapter 3 Peer social ostracism effects on facial mimicry in secure and insecure children   
Chapter 4 The modulation of facial mimicry by attachment tendencies in adulthood 
Chapter 5 The relation between emotional facial reactions and cognitive empathy 




Rezumat in Romana 
Sommario in Italiano 
About the author 
Publications 
Acknowledgments 
Donders Graduate School for Cognitive Neuroscience 




































































Successfully engaging in social interactions can be described as navigating a complex web made of 
an inestimable number of nodes and possible paths to explore. While the nodes represent the 
social partners we encounter throughout life, the paths constitute the myriad of interpersonal 
behaviours we employ to engage with one another. Humans possess a vast repertoire of verbal 
and nonverbal behaviours in social interactions. 
One interesting and ubiquitous phenomenon is the spontaneous tendency to mirror and 
synchronize with others. You can likely think of at least one example in which you found yourself 
synchronizing your steps to a friend’s during a walk. Or you may recall how your yawn resulted in 
the yawning of another person. These are just some examples of what has been referred to as the 
“chameleon effect” (Chartrand & Bargh, 1999, p. 893). The phenomenon of mimicking another 
person extends to mannerisms, postures, vocalizations, facial expressions, and even pupil size 
(Chartrand & Bargh, 1999; Chartrand & van Baaren, 2009; Duffy & Chartrand, 2015; Kret, Fischer, 
& De Dreu, 2015). Pioneering work revealed that interpersonal mimicry of for instance postures 
and facial expressions promotes liking and affiliation amongst social partners and that more 
empathic individuals show greater mimicry (Chartrand & Bargh, 1999; Hess & Fischer, 2016; Seibt 
et al., 2015). While the past two decades of empirical work substantiated the affiliative role of 
mimicry, the developmental roots of social mimicry and the factors contributing to its social 
modulation are still largely unknown. This thesis investigates the emergence of social affiliative 
mimicry during early childhood and examines the social-cognitive architecture that supports this 
developmental process.  
From the first days of life, we start to make sense of the surrounding social world with the 
invaluable help of more experienced social partners. Parents guide infants’ first steps in the world 
and help them learn about others and themselves. Early communication predominantly involves 
the face, and it is indeed parents’ faces that constitute most of the baby’s social world (Beebe et 
al., 2016; Fausey, Jayaraman, & Smith, 2016). As such, parent-infant face-to-face interactions play 
a crucial role in babies’ developing social cognition. A predominant behaviour observed in parents’ 
interactions with their babies is imitation of vocalizations and facial expressions (Beebe et al., 2016; 
Beebe & Steele, 2013). And it has been proposed that these early face-to-face interactions represent 
the cradle for facial mimicry emergence in early development (Ray & Heyes, 2011). What is more, 
together with the emergence of general mimicry abilities, during the first years of life, infants learn 
to employ these affiliative behaviours in an appropriate manner within a social context. Whom 
and when they mimic is largely dependent on their affiliative goals. As such, the emergence and 
the regulation of social mimicry may be supported by children’s developing social-cognitive 
abilities (van Schaik & Hunnius, 2018). It was the goal of this research to investigate the ontogeny 





of social affiliative mimicry. More specifically, I had two research aims: First, I wanted to 
investigate how the intrinsic motivation for affiliation, stemming from early parent-infant 
relationships, impacts interpersonal mimicry in early childhood. Second, I aimed to assess the role 
of cognitive skills in the emergence and the modulation of mimicry. Before I explain the aims of 
this thesis in more detail, I provide a general overview on facial mimicry and some proposed 
mechanisms underlying its emergence and modulation.  
Facial Mimicry 
Facial mimicry is the spontaneous and rapid copying of another person’s facial expressions 
(Dimberg, Thunberg, & Elmehed, 2000; Hess & Fischer, 2014). For example, upon seeing another 
person frown, individuals often assume the same frowning-like expression within a few hundred 
milliseconds (Moody, McIntosh, Mann, & Weisser, 2007; Oberman, Winkielman, & 
Ramachandran, 2009). Moreover, despite its rapidity and subtlety, facial mimicry carries 
communicative meaning in social exchanges (Hess & Fischer, 2016; Seibt et al., 2015).  
 
Facial Electromyography  
Mimicry of facial expressions is often assessed using electromyography (EMG), which can detect 
subtle changes in the electric potentials of the facial muscles (Cacioppo, Tassinary, & Berntson, 
2000; Tassinary, Cacioppo, & Geen, 1989). Facial EMG is an established objective measure of 
facial expressions and affective responses (Cacioppo, Petty, Losch, & Kim, 1986; Dimberg & 
Karlsson, 1997; Tassinary & Cacioppo, 1992). There is evidence that the observation of a happy 
facial expression elicits an increase in the activity of the Zygomaticus Major muscle (ZM; Dimberg 
et al., 2000), whilst the observation of a sad facial expression leads to increased activity in the 
Corrugator Supercilii muscle (CS; Bourgeois & Hess, 2008; for an illustration of the electrode 
placement to measure activation of these muscles, see Figure 1.1). However, facial expressions are 
not the result of the activation of one single muscle, but the joint activation and de-activation of a 
combination of muscles (McIntosh, Reichmann-Decker, Winkielman, & Wilbarger, 2006; 
Oberman et al., 2009). For example, for a happy expression, there is an increase in the activity of 
the ZM and a decrease in the CS muscle, resulting in pulling upward the corners of the mouth and 
simultaneously relaxing the upper part of the face. As such, the activation of an emotion-specific 
muscle relative to the relaxation of a non-corresponding muscle results in a discrete facial emotion 
expression (Deschamps, Schutte, Kenemans, Matthys, & Schutter, 2012). Although not 
morphologically and anatomically exhaustive, this operationalization of facial mimicry is well-
established in developmental research on socio-affective and cognitive processes (Addabbo, 
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Vacaru, Meyer, & Hunnius, 2019; Datyner, Henry, & Richmond, 2017; de Klerk, Hamilton, & 
Southgate, 2018; Isomura & Nakano, 2016). 
Figure 1.1 Electrode placement to measure 
activation of the ZM and CS muscles on the cheek 
and above the eyebrow, respectively. The two dots 
indicate a bipolar montage of the electrodes. The 
ground and the reference electrodes are placed on 
the forehead below the hairline and behind the ear 
on the mastoid bone, respectively. 
Proposed Mechanisms  
In explaining the mechanisms underlying facial mimicry, two main views have dominated the 
scientific stage. One classic view argues that the observation of a facial expression elicits activation 
of the motor areas of the brain as if the individuals were executing it themselves and, consequently, 
leads to the same facial expression in the observer, enabled by the mirror neuron system. This has 
been called the motor-matching hypothesis, which postulates that mimicry relies on a perception-
behaviour match (Chartrand & Bargh, 1999; Preston & de Wall, 2003). According to this view, 
mimicry of a facial expression is reduced to the mere copying of facial muscle movements, just as 
the mimicry of any other behaviour without considering either the intentions of the expresser and 
the observer or the meaning that an emotional expression carries. However, individuals also mimic 
parts of the face that are not visible (Blaison, Strauss, Hareli, & Hess, 2012; Hess, Herrera, 
Bourgeois, & Blairy, 1997; Sun, Wang, Wang, & Luo, 2015). For example, Blaison and colleagues 
(2012) showed participants pictures of models whose eyes were the only region of the face visible 
while the model displayed several emotional expressions (i.e. anger, happiness, sadness, fear). 
Participants showed facial mimicry of the emotion, even if the visibility of the facial movements 
was limited. Similarly, Hess and colleagues (1997) demonstrated that when participants were 
exposed to neutral facial expressions with the emotional information only conveyed through a 
label indicating that the person was, for instance, sad, this was sufficient to elicit a congruent facial 
response in the observer. These findings suggest that facial mimicry is not the result of mere 
motor-matching, but that contextual information and interpretation of the observed emotion are
also important for facial mimicry to be expressed.





In contrast to the motor-matching hypothesis, a more interactionist view on facial mimicry, 
the social context model, postulates that the social context in which mimicry occurs plays a central 
role (Hess & Fischer, 2013). According to this model, mimicry of a facial expression also entails 
the interpretation of the stimulus. For example, while for the motor view, the observation of a 
smile would directly lead to a smile in the observer, the social context model proposes that 
observing someone’s smile will not always elicit the same reaction in the observer, as at times it 
may not be appropriate to copy the observed facial expression. This is the case if someone’s smile 
signals pride or contempt, rather than an affiliative intent (Bourgeois & Hess, 2008). It is then 
argued that although facial mimicry may be enabled by a perception-behaviour match, the social 
context influences how mimicry is expressed. In accordance with this view, a wealth of evidence 
supports that mimicry is intricately engrained in a complex web of social dynamics.  
 
Social Mimicry  
Over the past years, substantial evidence emerged with regard to the function of facial mimicry as 
a regulatory mechanism during social exchanges. Facial mimicry has a communicative function 
amongst social partners. Scholars have referred to it as a “social glue” (Lakin, Jefferis, Cheng, & 
Chartrand, 2003, p. 147) or “social bungee cord” (Hess et al., 2016, p. 103) to metaphorically 
illustrate the power of mimicry to keep individuals together and its dynamic nature to change and 
adapt according to the context and the relationships in which it occurs. Although mimicry is a 
rapid and spontaneous phenomenon, several factors have been shown to modulate the who, when, 
where, why, and how of it (Duffy & Chartrand, 2015; Hess & Fischer, 2014; Seibt, Mühlberger, 
Likowski, & Weyers, 2015).  
For instance, we tend to mimic individuals more with whom we are connected, such as 
friends over strangers or in-group over out-group members (Bourgeois & Hess, 2008; Fischer, 
Becker, & Veenstra, 2012; van der Schalk et al., 2011; Yabar, Johnston, Miles, & Peace, 2006). 
Furthermore, mimicking another person promotes liking and closeness and fosters affiliation 
(Cheung, Slotter, & Gardner, 2015; Lundquist & Dimberg, 1995; Pavarini et al., 2019; Stel et al., 
2009; Stel & Vonk, 2010). And while holding positive attitudes about someone leads to an increase 
in mimicry (Likowski, Mühlberger, Seibt, Pauli, & Weyers, 2008), the opposite also holds true with 
evidence suggesting that negative attitudes may lead to diminished mimicry or even reactions of 
opposite valence to the observed expression (e.g., a happy facial response to an angry expression). 
This is the case, for instance, in competitive relationships (Lanzetta & Englis, 1989; Likowski, 
Mühlberger, Seibt, Pauli, & Weyers, 2011), contexts of norm violation and unfairness (Hofman, 
Bos, Schutter, & van Honk, 2012), or social power differences (Carr, Winkielman, & Oveis, 2014). 
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These results suggest that facial mimicry is a dynamic tool that individuals use adaptively based on 
the contextual demands and their motives. 
Not all emotions are mimicked in the same fashion, depending on their valence and 
affiliative nature (Fischer et al., 2012). For instance, in the case of anger, individuals tend to not 
mimic anger, probably because mimicry of an anger expression may be interpreted as a provocative 
response rather than as affiliation (Bourgeois & Hess, 2008; Lanzetta & Englis, 1989; Sonnby-
Borgstrom & Jonsson, 2004). Instead, findings show that children respond with a fear-like facial 
expression to anger (Geangu, Quadrelli, Conte, Croci, & Turati, 2016). Together, these findings 
highlight that facial mimicry is strongly dependent on the context, the interaction partners, as well 
as one’s motivation and predisposition for affiliation. Just as in verbal communication, where a 
word can have different meanings depending on its position in the sentence, the tone of voice, or 
to whom it is addressed, facial mimicry can have different meanings depending on one’s social 
goals.  
 
Affiliation Motivation  
Experimental work in which affiliative goals were manipulated revealed that individuals tend to 
engage in more mimicry when they aim to affiliate with another person (Lakin & Chartrand, 2003). 
Moreover, participants showed enhanced mimicry following social exclusion, suggesting that the 
desire to restore feelings of belonging and to recover from the experience of being ostracized 
results in affiliative mimicry behaviours (Lakin, Chartrand, & Arkin, 2008; Williams, 2007; Williams 
& Nida, 2011). Similar responses have been demonstrated in young children. Children who had 
been primed with ostracism showed greater affiliation motivation by drawing characters closer to 
each other (Song, Over, & Carpenter, 2015) and showing more prosocial behaviours (Over & 
Carpenter, 2009) as well as higher imitation fidelity in a subsequent behavioural task as means to 
convey liking and similarity to a social partner (Over & Carpenter, 2009; Watson-Jones, Legare, 
Whitehouse, & Clegg, 2014; Watson, 2013). In the same vein, after social exclusion in an 
experimentally manipulated ball-tossing computer game (i.e. Cyberball; Hartgerink, van Beest, 
Wicherts, & Williams, 2015; Scheithauer, Alsaker, Wolfer, & Ruggieri, 2013; Williams & Jarvis, 
2006), children displayed more affiliative high-fidelity imitation behaviours (Watson-Jones, 
Whitehouse, & Legare, 2016; White et al., 2016). These results highlight the importance of 
affiliative behaviours, such as imitation, aimed at restoring connections with others, already at a 
young age.  
 
 





Social Mimicry Development 
Only recently, scholars started studying facial mimicry during early development. It has long been 
thought that newborns mimic facial actions (e.g. tongue protrusion; Meltzoff & Moore, 1977, 
1983), but several recent studies failed to replicate these effects, even providing evidence against 
neonatal imitation (Heyes, 2016; Oostenbroek et al., 2016, 2019). Around 4 months of age, infants 
begin to mimic non-emotional facial actions, such as eyebrow raising and mouth opening (de Klerk 
et al., 2019), but not yet facial expressions of emotions (Datyner, 2015). Furthermore, it was found 
that infants mimicked only when the facial actions were presented with direct, but not averted gaze 
of the model, which substantiates the communicative role of mimicry (de Klerk et al., 2019). 
Interestingly, the first evidence for facial mimicry of emotions has been found in 5-month-old 
infants in response to audio-visual stimuli (e.g. the sound and the picture of laughing), but not 
when the stimuli were presented either in the auditory or the visual modality alone (Isomura & 
Nakano, 2016), unlike facial mimicry to non-emotional stimuli (de Klerk et al., 2019). Taken 
together, these findings suggest that emotional in contrast to non-emotional facial mimicry might 
rely on more complex appraisal mechanisms that support the ability to distinguish between 
emotions and their meaning (i.e. angry, happy emotions vs. eyebrow raising, mouth opening). 
From the second half of the first year of life, infants have been consistently found to mimic 
emotional facial expressions (Datyner et al., 2017; Geangu et al., 2016; Hashiya, Meng, Uto, & 
Tajiri, 2019; Kaiser, Crespo-Llado, Turati, & Geangu, 2017; Rayson, Bonaiuto, Ferrari, & Murray, 
2016).  
Facial Mimicry and the Role of Early Parent-Infant Interactions 
From day one, babies spend large amounts of time in face-to-face interactions, during which 
parents engage in playful imitations of their infants’ vocalizations and facial expressions (Beebe et 
al., 2010; Bigelow, Power, Bulmer, & Gerrior, 2015; Gergely & Watson, 1996; Jones, 2006; 
Markova, 2018; Užgiris, Benson, Kruper, & Vasek, 1989). Parent-infant face-to-face 
communication has been metaphorically referred to as a “social microscope”, that offers insights 
into early socio-emotional development (Beebe & Steele, 2013, p. 583). Early imitative experiences 
offer unique opportunities for babies to learn about social exchanges and may be the cradle of 
social mimicry development (Ray & Heyes, 2011). Imitation episodes occur nearly every minute 
during face-to-face interactions and are usually initiated by parents (Pawlby, 1977), as they for 
instance mimic their babies’ mouth opening during spoon-feeding (O’Toole & Dubin, 1968; 
Vacaru, Ma, van Schie, & Hunnius, under review).  
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Ray and Heyes (2011) proposed that early imitogenic experiences within parent-infant face-to-face 
interactions foster the formation of sensory-motor couplings that enable mimicry. Performing an 
action followed by the observation of another person producing the same action close in time with 
high probability promotes the formation of matching associations according to the associative 
sequence learning account (Catmur, Walsh, & Heyes, 2009; Heyes & Ray, 2000; Ray & Heyes, 
2011). After sensory-motor couplings of actions are established, the neural activation caused by 
the sensory experience of an action (such as seeing a smile) will propagate to the motor 
representation of that action and will thus result in the execution of the observed action. Recent 
empirical evidence supports the proposition that associative learning mechanisms forge the 
formation of sensory-motor couplings during early development and reveals the quintessential role 
of early experience for automatic imitation (de Klerk, Johnson, Heyes, & Southgate, 2015; 
O’Sullivan, Bijvoet-van den Berg, & Caldwell, 2018). An EMG study found that 4-month-old 
babies who had experienced more imitation from their mothers also mimicked more an unknown 
model (de Klerk, Lamy‐Yang, & Southgate, 2019). These findings corroborate earlier evidence that 
imitogenic experiences at the age of 2 months predict infants’ motor system activation upon 
observation of the same action at age 9 months, likely by fostering sensory-motor couplings 
(Rayson, Bonaiuto, Ferrari, & Murray, 2017). Not only do imitogenic experiences during early 
interactions foster learning of sensory-motor couplings, they are also highly rewarding for both 
parties, mothers and babies, and as such imitative interactions might be encouraged by the 
experience of positive feelings (Pawlby, 1977; Waxler & Yarrow, 1975). 
From the associative learning account follows the notion that the social environment, in 
which sensory-motor learning takes place, is crucial. If infants are exposed to a matching 
experience, for instance ‘execute a smile’ - ‘see a smile’, they will acquire this sensory-motor 
coupling, but the same holds true for an association in which an unmatched sensory-motor 
sequence is learned. Likewise, infants with limited imitogenic experiences might not develop strong 
sensory motor associations, which might result in less mimicry. This can for instance be the case 
for infants whose mothers suffer from depression and anxiety, as they tend to mimic their babies 
less, which in turn might result in reduced mimicry in their infants (Field, Hernandez-Reif, Vera, 










Attachment Relationships  
The early caregiving environment in which the first instances of social learning unfold is key to 
socioemotional outcomes (Feldman, 2007; Volling, McElwain, Notaro, & Herrera, 2002). 
Importantly, early parent-infant interactions form the foundation of infants’ attachment, and based 
on the quality of these interactions, infants develop different attachment patterns (Ainsworth, 
1979; Bowlby, May, & Solomon, 1989). Moreover, it has been shown that these early relationships 
shape later social developmental outcomes (Feldman, 2012), such as social motivation and 
competence (Groh, Fearon, van IJzendoorn, Bakermans-Kranenburg, & Roisman, 2017), and 
have long-lasting effects on future relationships (Ainsworth et al., 1978; Cassibba, Coppola, Sette, 
Curci, & Costantini, 2017). Attachment theory posits that parents’ sensitivity and availability within 
the early caregiving environment determine individual differences in children (Ainsworth, 1979; 
Bowlby, 1969; Braungart-Rieker, Garwood, Powers, & Wang, 2001; De Wolff & van Ijzendoorn, 
1997). Pioneering work on attachment showed that mothers’ promptness to respond to their 
infants’ cues and needs is a signature of secure relationships, while inconsistent responses or a lack 
of responsiveness is characteristic of insecure attachment relationships (Ainsworth et al., 1978). 
From early on, infants learn about the way their parents respond to their needs and build scripts 
of the world, also called internal working models (Bowlby, 1969; Bretherton, Grossmann, 
Grossmann, & Waters, 2005). These models help infants to organize their representations and 
expectations of others (Atkinson et al., 2000; Johnson et al., 2010). Based on these models, children 
navigate their social world and adopt different behavioural strategies to attain their social goals and 
satisfy their needs. Importantly, children’s behavioural strategies towards their parents can be 
reliably classified into distinct patterns (Ainsworth et al., 1978). 
Attachment patterns are classified based on children’s behaviours during stressful 
circumstances (e.g. parental separation) and can reflect secure or insecure styles. Secure attachment 
is related to sensitive and responsive parenting which signals safety and provides children with 
comfort in times of distress (de Wolff & van Ijzendoorn, 1997). Unsensitive or inconsistent 
parenting can lead to insecure attachment, which is characterized by two distinct behavioural 
patterns, avoidant and resistant. Children with an insecure avoidant attachment tendency are 
thought to avoid intimate emotional relationships and to minimize proximity with others (Cassidy, 
1999). Instead, children with an insecure resistant attachment tendency tend to hyperactivate their 
attachment system and maximize proximity and intimacy with others (Bowlby, 1969; Shaver & 
Hazan, 1993). Avoidant attachment manifests in a lack of proximity-seeking and rejection of 
comfort behaviours from a caregiver in times of distress. Particularly the resistant attachment 
pattern is a complex strategy, as children seek proximity with others, although they then tend not 
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to accept comfort during distress (Cassidy & Berlin, 1994). Despite their ambivalence between 
seeking contact, clinging and over-dependency on the one hand and refusing comfort during 
distress on the other, resistant children show a clear motivation to increase proximity to others 
(Cassidy & Berlin, 1994). For an illustration of the attachment patterns and terminology see Figure 
1.2.  
 
Figure 1.2 Illustration of secure and insecure attachment patterns. Close parent-child relationships 
result in secure attachment, while relationships characterized by ambiguity or non-responsiveness 
to the child’s needs result in insecure attachment. Insecure attachment is subdivided into resistant 
and avoidant patterns. For children, the terms resistant and avoidant are used, whereas the 
corresponding terms for adults are preoccupied and dismissing. 
 
Different attachment tendencies manifest different motivations for affiliation and 
strategies to attain it (Baumeister & Leary, 1995; Carvallo & Gabriel, 2006; Chen, Hewitt, Flett, & 
2015; Schwartz, Lindley, & Buboltz, 2007). Evidence shows that the resistant and the avoidant 
types are characterized by intrinsic high and low affiliation motivation, respectively (Schwartz et 
al., 2007). To date, two studies have explored to which extent attachment tendencies modulate 
mimicry in adults (Hall, Millings, & Bouças, 2012; Sonnby-Borgstrom & Jonsson, 2004). Hall and 
colleagues (2012) found that, following an attachment threat, female adults with insecure 
attachment, displayed diminished behavioural mimicry (i.e. face-rubbing) in the interaction with a 
male confederate. In this experiment, an attachment threat was used to prime participants by 
asking them to imagine an unpleasant separation scenario to activate the attachment system. This 





type of threat prime is used to activate the attachment system and to trigger individuals’ attachment 
behaviours of the resistant, avoidant or secure styles (Crisp et al., 2009; Mikulincer, Shaver, & 
Pereg, 2003). These results support the hypothesis that individuals’ attachment tendencies 
stemming from early relationships modulate mimicry behaviours. Another study using facial 
mimicry of emotions found that while non-avoidant individuals mimicked happy and angry facial 
expressions, the avoidant group did not mimic and instead displayed a smile in response to the 
observed angry expression. The authors interpreted this response as an attempt to suppress 
negative emotions, due to emotion regulation difficulties of insecurely attached individuals 
(Sonnby-Borgstrom & Jonsson, 2004). Altogether, these findings suggest that individuals with 
insecure attachment display atypical mimicry, possibly due to augmented motivation to attain 
affiliation with others.  
Facial Mimicry and Its Relation to Cognitive and Empathic Processes 
Whom, when and why one mimics requires the regulation of behaviour. As such, the ability to 
selectively mimic others is subject to cognitive moderation (Murata, Saito, Schug, Ogawa, & 
Kameda, 2016). For instance, imagine a social interaction with a kind individual who previously 
shared a desired object with you, or rather an unkind one who deliberately did not previously share. 
This situation requires a rather complex cognitive appraisal to recruit the most appropriate 
behaviours towards the kind and the unkind interaction partner. Some initial developmental work 
examining the early modulation of mimicry behaviours revealed that 5-year-olds distinguish 
between the two types of interaction partners and more importantly, their cognitive control skills 
predicted their ability to engage in selective mimicry (van Schaik & Hunnius, 2018). Interestingly, 
in another study, younger children (i.e. 3-year-olds) did not yet selectively mimic an in-group versus 
out-group member, contrary to their older counterparts (van Schaik & Hunnius, 2016). 
Accordingly, it is needed to further investigate the cognitive architecture underlying the capacity 
to express selective mimicry during early childhood. 
 
Cognitive Control  
Mimicry behaviours occur rapidly and subtly, and the extent to which individuals display them is 
determined by their affiliative goals (Lakin & Chartrand, 2003; Lakin, Chartrand, & Arkin, 2008; 
Sonnby-Borgstrom & Jonsson, 2004; Yabar, Johnston, Miles, & Peace, 2006). As reviewed above, 
individuals selectively mimic those they have a preference for, such as in-group members 
compared to out-group members (Bourgeois & Hess, 2008; van der Schalk et al., 2011; Yabar, 
Johnston, Miles, & Peace, 2006), and there is evidence that children display selective social mimicry 
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towards a preferred partner at the age of 5 years but not yet at 3 years (van Schaik, 2017; van Schaik 
& Hunnius, 2016; van Schaik, van Baaren, Bekkering, & Hunnius, 2013). These findings suggest 
that cognitive skills emerging around the age of 5 years might support the development of selective 
social mimicry. For instance, inhibitory control skills, which see a steady increase from the age of 
2 to 6 years (Carlson, 2005), facilitate early social interactions and contribute to 2½-year-olds’ turn-
taking capacities (Meyer, Bekkering, Haartsen, Stapel, & Hunnius, 2015). Consequently, it has been 
proposed that inhibitory control skills might enable individuals to suppress mimicry for non-
preferred others, while selectively displaying mimicry for affiliation goals.  
The ability to inhibit a rapid response like mimicry has been ascribed to the medial 
prefrontal cortex (Amodio & Frith, 2006). In line with this, there is evidence that patients with 
prefrontal cortex lesions engage in overimitation, possibly due to a lack of inhibitory regulation 
(Brass, Derrfuss, Matthes-von Cramon, & von Cramon, 2003; Luria, 1966; Spengler, von Cramon, 
& Brass, 2010). Moreover, a series of studies revealed the involvement of the medial prefrontal 
cortex during imitation inhibition (Brass, Derrfuss, & von Cramon, 2005; Brass, Ruby, & Spengler, 
2009; Brass, Zysset, & von Cramon, 2001; Brass & Heyes, 2005; Cross, Torrisi, Reynolds Losin, 
& Iacoboni, 2013; Spengler et al., 2010). Altogether, these findings support the notion that the 
early emergence of selective social mimicry during early development might rely on the ability to 
inhibit the rapid tendency to mimic indiscriminately.  
 
Cognitive and Affective Empathy  
Empathy is a multidimensional construct and encompasses a cognitive and an affective component 
(de Waal, 2008; Decety, Meidenbauer, & Cowell, 2018; Shamay-Tsoory, Aharon-Peretz, Brain, & 
2009). Affective empathy entails the ability to vicariously experience and share another person’s 
emotions (Decety, 2011; Decety & Svetlova, 2012). Cognitive empathy, instead, entails the capacity 
to take perspective of another person’s emotions by representing their internal mental state 
(Baron-Cohen & Wheelwright, 2004; Decety & Moriguchi, 2007; Hinnant & O’Brien, 2007; 
Shamay-Tsoory, 2011). Consequently, it has been proposed that cognitive empathy skills modulate 
mimicry responses in adulthood (Chartrand & Bargh, 1999). A study by Lamm and colleagues 
(2008) revealed that individuals’ facial responses to witnessing others in pain were enhanced when 
they adopted their perspective, possibly suggesting that perspective-taking results in higher 
personal involvement and therefore stronger facial reactions. 
Mimicking another person’s facial expression is associated with affect sharing and emotion 
recognition (Hatfield, Bensman, Thornton, & Rapson, 2014; Oberman, Winkielman, & 
Ramachandran, 2007; Sato, Fujimura, Kochiyama, & Suzuki, 2013). Several adult studies showed 





that individuals scoring high on empathy, without distinguishing between cognitive and affective 
components, tend to mimic more than individuals scoring low (Rymarczyk, Zurawski, Jankowiak-
Siuda, & Szatkowska, 2016; Van der Graaff et al., 2016; Balconi & Canavesio, 2016; Dimberg, 
Andréasson, & Thunberg, 2011; Drimalla, Landwehr, Hess, & Dziobek, 2019; Sonnby-Borgström, 
Jönsson, & Svensson, 2003; Sonnby–Borgström, 2002). To date, however, no evidence for a 
relation between empathy and facial mimicry was found in children (Datyner, 2015; Datyner et al., 
2017). Hence, the question still remains whether cognitive aspects of empathy specifically support 
the display and possibly the emergence of selective social facial mimicry during early development.  
Emotions are conveyed through different expressive modalities (i.e. vocalization, facial 
expressions, kinematics), and from a young age, humans are sensitive to different emotional cues 
in the environment (Addabbo et al., 2019). In a study by Sun and colleagues (2015) it was found 
that adults not only mimicked the facial expression of pain of another person receiving a needle 
injection, but also reacted with similar facial expressions when only the arm with the needle 
injection was visible but not the person’s facial expression. These findings indicate that the context 
alone can suffice to elicit congruent facial responses, possibly because adults can accurately infer 
which emotion the person experiences, due to higher cognitive empathy skills. Furthermore, this 
suggests that the motor input from the facial expression is not a necessary condition for one’s 
ability to respond with affective isomorphy. But what if one does not yet possess the ability to 
infer another person’s emotional state and hence take their perspective? This is the case in young 
children, for example, as perspective-taking and theory of mind skills (or cognitive empathy) 
emerge only around the age of 5 years (Baron-Cohen & Wheelwright, 2004). Thus, while it is 
reasonable to expect that the ability to display congruent facial responses in contexts where 
cognitive appraisal is required emerges around the age of 5 years, one would instead expect that 
younger children display facial mimicry only in contexts in which the vicarious emotional 
experience is triggered (i.e. emotional contagion). 
This Thesis 
Mimicry is a powerful affiliative tool, and the social motivation to affiliate with others determines 
the extent to which individuals engage in mimicry behaviours (Lakin & Chartrand, 2003; Lakin et 
al., 2008, 2003). The emergence of mimicry behaviours likely takes place within early parent-infant 
interactions, where imitogenic experiences contribute to the formation of sensory-motor couplings 
that form the basis for mimicry (Ray & Heyes, 2011; Rayson et al., 2017). Based on the quality of 
these early parent-infant interactions, children also develop distinct attachment patterns, 
characterized by enhanced (resistant attachment) and diminished (avoidant attachment) 
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motivation for affiliation (Schwartz et al., 2007). The quality of the parent-infant interactions might 
thus influence children’s motivation to display social affiliative mimicry.  
Given the affiliative function of mimicry, one’s intrinsic motivation stemming from early 
attachment relationships might modulate the expression of mimicry, but also contextual social 
motivation (e.g. social exclusion) plays a role in when and how individuals engage in mimicry 
behaviours to attain their social goals. Furthermore, while the modulation of mimicry behaviours 
has been long documented in adulthood (for a comprehensive review, see Hess & Fischer, 2016), 
there is only little research on the emergence of social affiliative mimicry during early development. 
Although some developmental work showed that by the age of 5 years, children display social 
mimicry as means to affiliate with an in-group compared to out-group member, younger children 
do not seem to engage in selective mimicry, but rather mimic both in- and out-group members 
(van Schaik, 2017; van Schaik & Hunnius, 2016). These findings might suggest that mimicry 
emerges as an indiscriminate behaviour and only later, possibly with the emergence of higher 
cognitive skills, children engage in selective social mimicry as means to affiliate with others. Yet, it 
remains unknown which mechanisms support this transition. 
This thesis sought to examine the factors contributing to the early development of 
interpersonal facial mimicry. The aim of this thesis was twofold: first, to investigate the modulation 
of facial mimicry by one’s intrinsic affiliation motivation and second, to examine the role of the 
cognitive architecture supporting its modulation. To address the first aim, three studies were 
conducted with different age groups. The first study (Chapter 2) investigated the modulation of 
facial mimicry in 3-year-old children by their attachment relationships leading to differences in the 
motivation for affiliation. The second study (Chapter 3) examined how 5-year-old children employ 
facial mimicry following social exclusion by peers, and the role of attachment security in the 
modulation of mimicry responses towards an includer and an excluder peer. The third study 
(Chapter 4) investigated whether attachment patterns modulate facial mimicry in adulthood. To 
address the second aim of this thesis, I investigated the role of cognitive control in moderating 
children’s facial mimicry responses based on their attachment tendencies (chapter 2). In the fourth 
study (Chapter 5) I studied the interrelations between affective and cognitive empathy with 
congruent facial responses of other’s emotions in three samples of different ages (3-, 6-year-olds, 
and adults). Figure 1.3 provides an illustration of the studies in this thesis. In the general 
discussion (Chapter 6) I revisit the two aims of the study and discuss the interpretation of the 
findings and their implications for future research. 
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From early in life, facial mimicry represents an important example of implicit non-verbal 
communication. Facial mimicry is conceived of as the automatic tendency to mimic another 
person’s facial expressions and is thought to serve as a social glue among interaction partners. 
Although in adults, mimicry has been shown to be moderated by the social context and one’s needs 
to affiliate with others, evidence from behavioural mimicry studies suggest that 3-year-olds do not 
yet show sensitivity to social dynamics. Here, we examined whether attachment tendencies, as a 
proxy for interindividual differences in affiliation motivation, modulates facial mimicry in 3-year-
olds. Resistant and avoidant insecure attachment tendencies are characterized by high and low 
affiliation motivation, respectively, and these were hypothesized to lead to either enhancement or 
suppression of mimicry. Additionally, we hypothesized that these effects will be moderated by 
inhibitory control skills. Facial mimicry of happy and sad expressions was recorded with 
electromyography (EMG), attachment tendencies were assessed with a parent-report questionnaire 
and inhibitory control with the gift delay task. The final sample consisted of 42 children, with 
overall scores suggesting secure attachment. Our findings revealed that 3-year-olds mimicked 
happy and sad facial expressions. Moreover, resistant tendencies predicted enhanced sad but not 
happy facial mimicry, whereas avoidant tendencies were not significantly related to mimicry. These 
effects were not moderated by inhibitory control skills. In conclusion, these findings provide the 
first evidence for the modulation of mimicry by attachment tendencies and their underlying 
motivation for affiliation in young children, specifically for negatively-valenced emotional 
expressions. 











Throughout development, children experience a myriad of social interactions, which form the basis 
for their affective ties. Already from the first days of life, children engage in one of the simplest, 
yet most essential type of social interaction, namely face-to-face interactions (Brazelton, Koslowski, 
& Main, 1974; Užgiris et al., 1989). These are organized around playful exchanges of vocalizations 
and facial expressions (Markova, 2018), in which parents and infants imitate each other (Beebe et 
al., 2010; Bigelow et al., 2015). The imitation of facial expressions -commonly referred to as facial 
mimicry- is thought to be an automatic process during social encounters (Chartrand & van Baaren, 
2009; Dimberg et al., 2000; Geangu et al., 2016; Hatfield, Cacioppo, & Rapson, 1993; Hess & 
Fischer, 2014; Mancini, Ferrari, & Palagi, 2013; Moody, McIntosh, Mann, & Weisser, 2007). 
Moreover, it has been argued that early face-to-face interactions may form the basis of facial 
mimicry (Ray & Heyes, 2011). Although newborns can perceptually discriminate facial emotional 
expressions (Addabbo, Longhi, Marchis, Tagliabue, & Turati, 2018), the earliest evidence of 
emotional facial mimicry in infancy has been found around 5 months of age (Isomura & Nakano, 
2016), but not earlier (Datyner & Richmond, 2013). Importantly, scholars have described the 
function of mimicry as a “social glue” fostering liking, similarity and affiliation among social 
partners (Cheng & Chartrand, 2003; Lakin et al., 2003; Yabar et al., 2006). Indeed, facial mimicry 
of emotional expressions is thought to facilitate emotion recognition (Oberman, Winkielman, & 
Ramachandran, 2009) and be related to empathy (Harrison, Morgan, & Critchley, 2010; Sonnby–
Borgström, 2002). 
In recent years, several studies have addressed the emergence and development of various 
forms of mimicry (e.g. facial, behavioural) throughout infancy (Datyner et al., 2017; de Klerk et al., 
2018; Kaiser et al., 2017) and childhood (Geangu et al., 2016; van Schaik, 2017). Altogether, these 
findings indicate that the general propensity to mimic is present in young children. However, while 
the adult literature has focused on mimicry’s important social functions (Blocker & McIntosh, 
2017; Häfner & IJzerman, 2011; Hess & Fischer, 2016; McIntosh, 2006; Seibt et al., 2015), only a 
handful of studies have examined the social sensitivity of mimicry during childhood. 
Developmental evidence by van Schaik and Hunnius (2016) showed that young children 
preferentially mimic in-group versus out-group members and found that only 4- to 6-year-olds 
mimicked their in-group members more than the out-group members, whereas 3-year-olds did not. 
Correspondingly, the older children expressed an in-group preference, suggesting that the 
motivation to affiliate with in-group members might have contributed to their socially-selective 
mimicry. However, these findings remain inconclusive as to whether the 3-year-olds displayed 
indiscriminate mimicry because of a lack of regulatory cognitive skills or due to the complexity of 
the manipulation used to elicit group membership (van Schaik, 2017; van Schaik & Hunnius, 2016). 
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Relatedly, higher cognitive skills, such as inhibitory control, have been argued to be a potential 
mechanism enabling selective mimicry (i.e. whom and when to mimic). Indeed, in another study, 
the authors demonstrated that 5-year-olds’ selective mimicry towards an unkind versus kind 
experimenter is modulated by inhibitory control skills (van Schaik & Hunnius, 2018). Together, 
these studies indicate that mimicry becomes increasingly sensitive to social dynamics throughout 
development, as higher cognitive skills are acquired. 
Young children may lack sensitivity to complex social dynamics, yet they do not lack 
sensitivity in their intrinsic motivation to affiliate with others. Even though affiliating with others 
is primarily an inherent need, its strength can vary across the lifespan and across individuals 
(Atkinson & Walker, 1956; Quirin, Gruber, Kuhl, & Düsing, 2013). It has been argued that 
experiences in the early infant-parent relationships profoundly shape children’s motivation to form 
relationships with others (Feldman, 2012) and future social-emotional development (Groh et al., 
2017). Indeed, infants form attachment bonds with their primary caregivers (Ainsworth, 1979; 
Bowlby, May, & Solomon, 1989) from which long-lasting attachment tendencies emerge 
(Ainsworth et al., 1978; Cassibba, Coppola, Sette, Curci, & Costantini, 2017) that prevail in future 
relationships (e.g. relationships with peers, romantic or parenting relationships; Sroufe, Egeland, 
Carlson, & Collins, 2009; Tan et al., 2016; Verhage et al., 2016). Different attachment tendencies 
are characterized by different motivations for affiliation and strategies to attain it (Baumeister & 
Leary, 1995; Carvallo & Gabriel, 2006; Chen, Hewitt, Flett, & 2015; Schwartz, Lindley, & Buboltz, 
2007). Particularly, organized and disorganized insecure attachment is classified based on 
behaviours during stressful circumstances (e.g. parental separation). Disorganized attachment 
entails a breakdown in the behavioural response to distress, characterized by fear and incoherent 
behavioural strategies (Forslund, Kenward, Granqvist, Gredebäck, & Brocki, 2017; Solomon, 
Duschinsky, Bakkum, & Schuengel, 2017; Zajac, Bookhout, Hubbard, Carlson, & Dozier, 2018). 
On the contrary, organized insecure attachment presupposes a coherent behavioural coping 
strategy and has been shown to be characterized by two distinct patterns, namely avoidant and 
resistant-ambivalent. Children with an insecure avoidant attachment tendency are thought to 
deactivate the attachment system (Kobak, Cole, Ferenz-Gillies, Fleming, & Gamble, 1993), to 
avoid intimate emotional relationships and to minimize proximity with others (Cassidy, 1999). 
Instead, children with an insecure resistant attachment tendency are thought to hyperactivate the 
attachment system and maximize proximity and intimacy with others as means to seek 
confirmation about themselves (Bowlby, 1969; Shaver & Hazan, 1993). Particularly, the resistant 
attachment pattern is a complex strategy, as children almost compulsively seek proximity with 
others, although they then tend not to accept comfort during distress (Cassidy & Berlin, 1994). 





Despite their ambivalence between seeking contact, clinging and over-dependency on the one hand 
and refusing comfort during distress on the other, resistant-ambivalent children show a clear 
strategy to increase proximity to others. Consistent with this portrayal of insecure attachment, 
evidence shows that the resistant and the avoidant type are characterized by low and high affiliation 
motivation, respectively (Schwartz et al., 2007). As reviewed above, one strategy to attain affiliation 
with others is mimicry. Indeed, some evidence shows that different attachment tendencies, as 
characterized by differences in the motivation to attain affiliations with others, modulate implicit 
mimicry in adults (Hall et al., 2012; Sonnby-Borgstrom & Jonsson, 2004). Hall and colleagues 
(2012) found that adults’ insecure attachment yielded diminished behavioural mimicry (i.e. face 
rubbing). Furthermore, evidence from an emotional facial mimicry study revealed that while non-
avoidant individuals mimicked happy and angry facial expressions, the avoidant group tended to 
respond with a smile to the angry expressions (Sonnby-Borgstrom & Jonsson, 2004). The authors 
interpreted this response as an attempt to suppress negative emotions, due to emotion regulation 
difficulties of insecurely attached individuals. Altogether, this evidence not only suggests that there 
is a relation between specific attachment patterns and mimicry, but also that attachment insecurity 
modulates facial mimicry of negative emotions. In sum, previous literature showed that facial 
mimicry emerges in infancy (Isomura & Nakano, 2016), but to date only the effect of 
experimentally-manipulated affiliation motivations on mimicry have been investigated in young 
children (van Schaik & Hunnius, 2016, 2018). Moreover, the understanding of complex social 
dynamics in 3-year-olds might be poorer than in older children and this may limit their ability to 
mimic selectively. Yet, the intrinsic motivation for affiliation stemming from early attachment 
relationships might already play an important role in modulating mimicry responses in younger 
children. Thus, in this study we examined whether attachment tendencies underlying different 
affiliation motives modulate facial mimicry and whether this relationship is moderated by inhibitory 
control. To this end, we measured facial mimicry in a group of 3-year-old children in response to 
happy and sad emotional facial expressions by means of subtle facial electromyographic (EMG) 
activation (Fridlund & Cacioppo, 1986). We used two examples of positive and negative emotions, 
similar to the previous study by Sonnby-Borgstrom and Jonsson ( 2004), yet we chose sad instead 
of angry, given that angry expressions may elicit a fear reaction, rather than a mimicry response. 
Indeed, Geangu and colleagues (2016) found a fear muscle activation (i.e. frontalis) in response to 
anger in 3-year-old children. Facial mimicry is described as the pattern of activation of a pair of 
muscles congruent with the observed facial expression morphology: facial mimicry of happy 
expressions, for instance, is the result of increased activation in the zygomaticus major muscle 
(Dimberg et al., 2000) and decreased activation in the corrugator supercilii muscle (Bourgeois & 
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Hess, 2008), whereas the reversed pattern of muscle activation corresponds to facial mimicry of 
sad facial expressions (Deschamps et al., 2012). We assessed attachment tendencies as a proxy for 
affiliation motives, and we chose the resistant and the avoidant types for our investigation, as these 
entail two distinct organized behavioural strategies to attain affiliation. We disregarded the 
disorganized type, as it is not characterized by an organized set of behavioural strategies and thus 
no specific hypotheses can be formulated. 
The aims of the current study were threefold. First, we investigated whether 3-year-olds 
mimic happy and sad facial expressions. To address this aim, we examined whether children would 
display increased ZM and decreased CS muscle activation in response to happy facial expression, 
and conversely, they would display increased CS and decreased ZM muscle activation in response 
to sad facial expressions, by using EMG. Second, we investigated whether avoidant and resistant 
insecure attachment tendencies, underlying low and high motivation for affiliation, respectively, 
modulate facial mimicry responses to facial emotional expressions in 3-year-old children. To this 
end, we tested the hypotheses that children with avoidant attachment tendencies express reduced 
facial mimicry, whereas children with higher resistant attachment tendencies express enhanced 
facial mimicry. Furthermore, we hypothesized that the effect of attachment would be stronger for 
negative affect (i.e. sad emotion), as has been observed in adults (Sonnby-Borgstrom & Jonsson, 
2004). Third, we examined whether selective facial mimicry is influenced by inhibitory control. We 




Participants were recruited from a database of volunteer families of the Baby and Child Research 
Center, Radboud University, Nijmegen, The Netherlands. To broaden the variability of attachment 
tendencies in our sample, we pre-selected children based on the scores of an online parental 
attachment questionnaire (see Materials section). Eighty-two children participated in the study, but 
40 of them were excluded from the analyses due to technical difficulties with the EMG apparatus 
(n = 14), children not accepting the electrodes on their face or fussiness (n = 12), excessive talking 
and/or movement (n = 5), and not reaching the minimum numbers of three trials per condition 
after artefact rejection (n = 9). The criterion set for inclusion was at least 3 trials per condition 
following previous EMG studies (de Klerk, Hamilton, et al., 2018; Geangu et al., 2016; Isomura & 
Nakano, 2016). Such a dropout rate is consistent with previous EMG studies with infants and 





children (Geangu et al., 2016; Isomura & Nakano, 2016). In total, 42 children (25 girls; Mage = 35.26 
months, SDage = 1.17 months, range = 34.2–41.5 months) were included in the final EMG analyses.  
 Parents whose children completed the EMG recordings successfully were asked to also 
participate in an attachment home observation. Thirty-seven of the 42 included children were 
observed at home in a natural and unstructured interaction with one of their parents. Written 
informed consent was obtained from all parents prior to participation. Ethical approval for the 
study was obtained from the Ethics Committee of the Faculty of Social Sciences, Radboud 
University, Nijmegen, The Netherlands (ECG2012-1301-006). The study was conducted according 
to the ethical standards of the Declaration of Helsinki. 
 
Materials 
Attachment Security  
Attachment security was assessed with two instruments: the Attachment Insecurity Screening Inventory 
2–5 (AISI) online parent-report questionnaire (Wissink, Colonnesi, Stams, Hoeve, Asscher, Noom, 
Polderman, & Kellaert-Knol, 2016) and the Attachment Q-sort (AQS) home-based observation 
(Waters & Deane, 1985). While the AISI provides a measure of avoidant and resistant tendencies, 
the AQS only provides an overall measure of attachment insecurity and was used to test for 
convergent validity of the AISI questionnaire. 
The AISI (Wissink et al., 2016) is a parent-report measure used to assess attachment of 
children between 2 and 5 years of age. The questionnaire contains 20 items on a 6-point Likert 
scale, that belong to 3 subscales: avoidant, ambivalent/resistant and disorganized attachment. In 
line with the hypotheses, only the children’s avoidant and resistant scores were used as independent 
variables in data analysis. A cut-off score of 46 distinguishes between security (< 46) and insecurity 
(> 46). Yet, to maximize the variability of scores on avoidant and resistant attachment tendencies, 
we only considered for participation children with scores < 40 and > 48. Internal consistency 
analysis yielded Cronbach’s α of .80 for the total AISI scale, .74 for the avoidant subscale and .71 
for the ambivalent/resistant subscale. According to the AISI cut-off, 57% of children were 
categorized as secure (< 46) and 43% as insecure (> 46), in the final sample (N = 42). Yet, we only 
ran the correlation analyses on the total scores of the AISI and AQS, as they are two continuous 
measures (Table 2.1). The AQS (Waters & Deane, 1985) is a home observation instrument, 
assessing children between 12 and 48 months of age on attachment security, by sorting 90 items 
(behaviours) on 9 clusters based on how characteristic or uncharacteristic the behaviour is for the 
child. Next, the scores of each child are correlated with those of a prototypical secure child resulting 
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in a correlation coefficient that varies between -1 (insecurity) and 1 (security). Each observation 
session lasted between 90–120 minutes. 
Although previous findings indicated partial convergent validity between the AISI-
avoidant, but not resistant subscale and the AQS (Waters & Deane, 1985), in the current study we 
found no evidence of convergent validity between them (see Table 1). Implications of this finding 
will be discussed. For the purpose of our investigation of the specific attachment tendencies 
underlying different motivation for affiliation, namely avoidant and resistant, only the scores for 
avoidant and resistant attachment tendencies from the AISI questionnaire were used in the 
analyses. 
 
Gift Delay Task 
The gift delay task (Kochanska, Murray, Jacques, Koenig, & Vandegeest, 1996) was used to assess 
children’s inhibitory control. This paradigm requires the child to suppress an immediate response 
by withholding from a desirable object that was positioned on the table in front of the child. The 
experimenter explained that he/she had a gift for the child wrapped in colourful paper (width = 
21.5 cm, height = 15 cm, depth = 15 cm), but unfortunately forgot the ribbon to close the gift box 
in another room. Parents were given written instructions about the task and its duration. Through 
this description sheet, parents were informed that they could choose to go behind a screen with 
the experimenter or to remain seated at the table with the child and pretend to be busy reading. 
The experimenter emphasized twice to the child not to touch the box until he/she came back with 
the ribbon. The lids of the box without the ribbon were slightly loose, such that the child could 
peek inside, but the gift was not immediately visible. When the experimenter was behind the screen, 
a timer was set to 3 minutes, while the child was monitored by means of a camera. After 3 minutes, 
the experimenter returned to the child and closed the box with the ribbon. Eventually the child 
could open the box and take the gift. Video recordings were coded on a 5-point scale (1 = took 
the gift from the box; 2 = put the hand in the box; 3 = peeked in the box; 4 = touched the box 
but did not peek; 5 = did not touch nor peek in the box; Kim & Kochanska, 2012). 
 
EMG Paradigm and Stimulus Material 
For the facial mimicry task, images of facial expressions of happy and sad emotions of white female 
models were selected from the Radboud Faces Database (Langner et al., 2010). A total of six 
models, expressing both happy and sad expressions were selected from a total of 19 models in a 
pilot adult study with 10 adult participants, in which we investigated the magnitude of mimicry 
responses across participants for each condition (happy, sad). The six models that elicited the 





highest mimicry responses for both happy and sad expressions were selected as stimulus material 
for the current study, resulting in 12 unique pictures, each repeated ten times. The trials were 
presented in 5 blocks with each picture repeated twice within one block. Pictures were presented 
in a pseudo-randomized manner. The presentation lists were prepared with MIX (van Casteren & 
Davis, 2006) with the following constraints: each model could not be presented more than once 
consecutively and each emotion could not be presented more than twice in a row. Each trial lasted 
approximately 4000 ms and unfolded as follows: 1000 ms fixation cross, 2000 ms stimulus 
presentation and a jittered inter-stimulus interval (ISI) of 500 to 1000 ms. With the onset of the 
fixation cross a short beep was played as an attention getter. We used an attention getter picture of 
a cartoon character that could be presented to attract the children’s attention back to the screen if 
necessary. This attention getter could be initiated through a button press by the experimenter. On 
average, the cartoon was presented 1.76 times per participant (SD = 1.18, Min = 0, Max = 5) when 
it was necessary to draw children’s attention back to the screen. The experimenter then waited until 
the child was calm and had a neutral facial expression, at which point he/she encouraged the child 
to look at the next pictures. The stimuli were presented for 2000 ms in line with previous adult 
findings of an effect of attachment on facial mimicry during prolonged presentation of the stimuli 
(Sonnby-Borgstrom & Jonsson, 2004). Pictures were displayed on a 17” monitor (1280 x 1024 
pixels) and watched from a distance of 60 cm (see Figure 2.1 for the study design).
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Families were sent an invitation email to fill in the AISI questionnaire via Limesurvey (Schmitz, 
2012). Upon giving written informed consent, parents filled in the questionnaire and later, selected 
families were called for an appointment in the lab. All parents who filled in the questionnaire 
received a thank you letter and stickers for their children. 
During the lab visit, children participated in the facial mimicry and the inhibitory control 
task. The session started with a 10-minute warm-up phase in which children became acquainted 
with the testing room and the experimenters. Meanwhile, parents were informed about the study 
and were asked for written informed consent. Additionally, parents received a sheet with a 
description of the session and instructions for the inhibitory control task. When the child seemed 
at ease, one experimenter asked the children whether they liked to play with stickers. Then, he/she 
displayed several cartoon characters (e.g. Mickey Mouse) printed on an A4 sheet, with rectangles 
on the characters’ faces corresponding to EMG electrodes arrangement. The children were first 
encouraged to place several stickers on the cartoon character’s face and were then asked whether 
they would like to have similar stickers on their own face. Then, the experimenter asked the parent 
and the child to sit in front of a screen (60 cm distance). The child was seated on the parent’s lap 
and the experimenter explained that they would now receive stickers (i.e. the electrodes) on their 
face in the same spots as the rectangles in the cartoon sheet. Once the electrodes were applied, the 
experimenter checked the impedances and the signal quality. When the signal quality was not within 
the 100 Hz range or impedances were too high, more conductive gel was added to the electrodes 
and the skin was further cleaned. When the electrodes were well attached, the light was switched 
off and the experiment started. 
Children’s behaviour during the task was recorded with a camera for online monitoring of 
facial movement and later offline coding of visual attention and movement artefacts. The 
experiment was interrupted if the child became fussy or did not want to continue. When the EMG 
session concluded, the electrodes were removed from the children’s face and the face was cleaned 
with a baby wipe to remove any leftover gel. The children and the parent moved back to the table 
where they previously were seated. The lab session was then concluded with the inhibitory control 
task. At the end of the lab visit, parents were debriefed about the study and were offered either a 
compensation of 10 euros or a children’s book. 
Families of children who performed the EMG task successfully (i.e. accepted the electrodes 
on their face, attended to most of the stimuli, no technical errors occurred) were called and asked 
whether they would be willing to participate in the home visit. Upon agreement, an experimenter 
visited the children and their family at home for the AQS observation. At the end of the 
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observation session, the experimenter debriefed the parents about the study and compensated 
them for their participation with either 20 euros or two children’s books. 
 
EMG Recordings and Data Reduction 
EMG responses were measured with Brain Vision Recorder (GmbH., 2009). Pediatric disposable 
4-mm Ambu-Neuroline 700 Ag/AgCl surface electrodes were used to record muscle activation 
from the zygomaticus major (smiling) and corrugator supercilii (frowning) muscles with a bipolar 
configuration and 10 mm inter-electrode distance between their centres (Cacioppo et al., 1986; 
Cacioppo, Tassinary, & Berntson, 2000). Additionally, the ground electrode was attached on the 
forehead, below the hairline, and the reference electrode was attached on the mastoid bone, behind 
the ear. A sampling rate of 2500 Hz was used, and a low cut-off of 10 Hz and a high cut-off of 
1000 Hz were applied. To ensure good quality data acquisition, the standard procedures for EMG 
muscle site preparation and placement were followed (Tassinary et al., 1989). The skin over the 
muscle group was cleaned and using Nuprep Skin Prep Gel and baby cleanser wipes. Moreover, 
conductive OneStep clear gel was added to the already pre-gelled electrodes to improve their 
impedances. 
Video recordings of the EMG session were coded offline for visual attention, vocalizations 
and movement artefacts. Trials in which the children were moving their face or did not attend to 
the stimuli on the screen during baseline (500 ms pre-stimulus presentation) and during the stimuli 
presentation (2000 ms) were discarded. On average, children watched 107 trials (SD = 20.48) 
during the experiment and contributed 41.31 (SD = 24.92) artefact-free trials, after visual offline 
coding. Further, EMG data was pre-processed with Brain Vision Analyzer 2.1 (GmbH., 2009). The 
remaining trials were filtered using a band rejection filter of 50 Hz, 0.2 bandwidth, order 4. Next, 
an infinite impulse response (IIR) zero phase shift Butterworth filter with a low cut-off frequency 
of 20 Hz and high cut-off frequency of 500 Hz was applied (De Luca, 2003). After the data pre-
processing, artefact rejection based on visual investigation of the EMG signal was conducted. The 
signals of both muscles were screened between 500 ms before stimulus onset and the 2000 ms of 
stimulus presentation, hence for segments with a total length of 2500 ms. Next, the signal was 
rectified and the segments were inspected for extreme amplitude values outside a 100 mV range. 
If any peaks during one segment indicated such extreme values, the trial was rejected. The mean 
number of trials after signal pre-processing that children contributed to the final analysis was 33.36 
(SD = 26.30, Min = 7, Max = 119); on average 16 (SD = 13.17) for the happy and 17 (SD = 13.40) 
for the sad condition, comparable to previous facial EMG studies with children (Datyner et al., 
2017; Geangu et al., 2016). 
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Statistical Analyses
EMG data was standardized within participants and within muscles to allow comparisons across 
different muscles (Dawson et al., 2007). Thus, each 100 ms data bin was standardized by subtracting 
from each value the mean activation of all the bins and dividing it by the standard deviation of all 
the bins. Next, we calculated the mean of the baseline bins and performed the baseline correction 
by subtracting the baseline (1000 ms) mean activation from each 100 ms bin of the time window 
of in the stimulus presentation (0–2000 ms). For an illustration of the standardized muscle 
activation of the corrugator supercilii and zygomaticus major muscles for the two different stimuli 
see Fig 2. After the baseline correction, we calculated the mean activation of the whole 2000 ms 
time-window for subsequent analyses. 
Figure 2.2 Time course of standardized EMG activation of the corrugator supercilii (red) and 
zygomaticus major (blue) muscles, in response to happy (a) and sad (b) stimuli in bins of 100 ms 
from stimulus onset (0 ms) to stimulus offset (2000 ms). The green line represents the difference 
score between the two muscles for happy (a) and sad (b) stimuli in which each bin represents the 
mean (with the standard error) amplitude over 100 ms time. 
2





First, prior to testing the research questions, to test whether children displayed facial 
mimicry in response to happy and sad conditions, we conducted a 2 (Condition: happy, sad) X 2 
(Muscle: zygomaticus major, corrugator supercilii) repeated measures ANOVA with EMG 
activation as dependent variable. Planned posthoc t-test analyses (one-tailed) were performed to 
test whether—as hypothesized—the zygomaticus major activation was significantly higher than the 
corrugator supercilii in the happy condition and whether the corrugator supercilii activation was 
significantly higher than the zygomaticus major in the sad condition. 
Second, we tested the research questions, namely whether avoidant or resistant attachment 
tendencies were related to different levels of mimicry and whether this relationship was moderated 
by inhibitory control, we ran two hierarchical regression models, one with sad and one with happy 
facial mimicry as the dependent variables. We computed a mimicry score by calculating the 
difference scores between zygomaticus and corrugator mean activation for responses to the happy 
stimuli and between corrugator and zygomaticus for responses to the sad stimuli, similar to 
previous facial EMG studies (de Klerk et al., 2018; Deschamps et al., 2014). A positive difference 
score between the zygomaticus and the corrugator represents congruent mimicry responses to 
happy, whereas a positive difference score between corrugator and zygomaticus indicates a 
congruent mimicry response to sad expressions. 











































































































































































































































































































































Table 2.1 shows the descriptive statistics of the demographics and the study variables as well as 
the correlations among them. Unexpectedly, no significant correlations between the AISI subscales 
and AQS scores emerged (all ps > .33). 
 
Facial Mimicry 
One sample t-tests were performed to compare the mean of each baseline-corrected EMG muscle 
activation for each condition to zero (Table 2.2). The repeated measures ANOVA yielded a 
significant interaction between condition (happy, sad) and muscle (zygomaticus major, corrugator 
supercilii) (F(1, 41) = 10.35, p = .003, ɳp2 = .20), indicating selective activation of the muscles for 
the corresponding emotional expression (see Figure 2.3). The activation of the zygomaticus muscle 
in the happy condition (M = .03, SD = .22) was stronger compared to the zygomaticus muscle in 
the sad condition (M = -.06, SD = 0.17, t(41) = 2.66, p = .005), indicating that the zygomaticus 
muscle activation was higher in response to a happy facial expression. Likewise, the corrugator 
muscle in the sad condition (M = 0.02, SD = 0.18) was activated more strongly compared to the 
corrugator muscle in the happy condition (M = -.04, SD = 0.16, t(41) = 2.25, p = .015), revealing 
a specific corrugator activation for sad expressions. Furthermore, a post hoc t-test for the happy 
condition showed a significantly higher zygomaticus mean activation compared to the corrugator 
mean activation (t(41) = 1.74, p = .044), suggesting facial mimicry responses for happy expressions; 
in contrast, for the sad condition, the corrugator mean activation was significantly higher than the 
zygomaticus (t(41) = 2.04, p = .023), suggesting mimicry responses to sad expressions. There were 
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Table 2.2 Facial EMG activation in response to happy and sad facial expressions
Presented emotion EMG muscle site M SD t p
Happy ZM 0.15 1.11 0.89 .188
CS -0.23 0.81 -1.85 .035
Sad ZM -0.35 0.89 -2.50 .008
CS 0.10 0.91 0.74 .231
Note: M - mean; SD - standard deviation, t - value of one sample t-test (one-tailed) comparing mean 
value for each muscle to zero. EMG muscle activation was previously baseline corrected and z-
standardized within muscles for each condition and within participants.
Figure 2.3 Violin plots illustrating the standardized EMG activation in the zygomaticus major and 
corrugator supercilii muscles, in response to happy and sad stimuli. The distribution of the data is 
represented by the violin shape, with larger width indicating higher value frequency. The mean of 
each muscle in each condition is represented by a plus sign, whereas the horizontal bars represent 
the minimum, the median and the maximum values. The whiskers represent the first and the fifth 
quantile. 
2





The Relation Between Attachment Tendencies and Facial Mimicry, and the Moderating 
Role of Inhibitory Control 
Two separate hierarchical regression analyses were conducted to investigate whether attachment 
tendencies (avoidant, resistant), as measured by the AISI, predict facial mimicry responses to sad 
and happy expressions, respectively. Further, it was investigated whether inhibitory control 
moderates the relationships between resistant and avoidant attachment tendencies on facial 
mimicry. Before performing the regression analyses, the predictors were standardized to avoid 
multicollinearity (Knight, 2018), and three interaction terms were computed: avoidant and resistant 
attachment tendencies (A X R), avoidant and inhibitory control (A X IC), and resistant and 
inhibitory control (R X IC). 
The first analysis with sad mimicry as dependent variable yielded a non-significant omnibus 
first model of the main predictors (F(3, 33) = 2.44, p = .082). Nevertheless, resistant, but not 
avoidant tendencies significantly predicted sad facial mimicry (β = 0.35, t(3, 33) = 2.14, p = .039) 
(Figure 2.4). Moreover, there was a non-significant relation between inhibitory control and sad 
facial mimicry, (β = 0.32, t(3, 33) = 1.98, p = .056). The second model including the interaction 
terms (A X R, A X IC, R X IC) did not explain significantly more variance (F(3, 30) = 0.02, p = 
.841), providing no evidence for the moderating role of inhibitory control in the relationships 
between avoidant or resistant tendencies and sad facial mimicry.  The second analysis with 
happy mimicry as outcome variable yielded a non-significant model of the main effects (F(3, 33) 
= 0.04, p = .706) and a non-significant model of the interaction terms (F(3, 30) = 0.15, p = .147), 
suggesting no relationship between attachment tendencies and facial mimicry of happy 
expressions. The results of the hierarchical regression analyses are summarized in Table 2.3. 
Additionally, we conducted an exploratory analysis to investigate whether children who 
were excluded from the statistical analyses (see Methods section) differed in their attachment 
scores from children included in the study. To this end, we ran an independent samples t-test 
investigating the differences in total attachment score (AISI) and the resistant and avoidant 
subscales. It emerged that children who were excluded (M = 16.32, SD = 4.99, N = 40) scored 
significantly higher on the avoidant scale (t(80) = 2.23, p = .021) compared to children who were 
included in the final analyses (M = 14.09, SD = 3.33, N = 42). No significant differences emerged 
with regard to the total attachment score and resistant tendencies (all ps > .376). 
 






Figure 2.4 Scatterplot and regression line illustrating the relation between resistant attachment 
scores and sad facial mimicry. On the y-axis the standardized EMG facial activation for sad facial 































































































































































































































































































































































































































































































































































































































































































































































































































In this study, we investigated whether avoidant and resistant attachment tendencies, underlying 
low and high motivation for affiliation, respectively, modulate facial mimicry responses in young 
children, and whether these responses are moderated by inhibitory control. We expected that 3-
year-old children would display facial mimicry in response to happy and sad facial expressions, and 
that attachment tendencies would modulate children’s facial mimicry responses. Specifically, we 
expected children with avoidant attachment tendencies to display reduced facial mimicry, whereas 
children with resistant attachment tendencies to show enhanced facial mimicry, especially in 
response to the sad emotion. Moreover, we proposed that inhibitory control would regulate these 
responses, namely that children’s enhanced or reduced mimicry would be regulated by their ability 
to over-express or suppress facial mimicry, depending on their higher (in the case of resistant 
attachment tendencies) or lower (avoidant attachment tendencies) motivation for affiliation, 
respectively. 
Our EMG findings revealed that children mimicked happy and sad facial expressions, as 
they displayed higher zygomaticus major activation (smiling) and lower corrugator supercilii 
activation (frowning) in response to happy facial expressions, and the opposite muscle activation 
pattern for sad facial expressions. These results are in line with findings by Geangu and colleagues 
(2016) who also showed facial mimicry of happy expressions in 3-year-old children. Importantly, 
our study provides the first evidence for facial mimicry of sad facial expression in young children. 
The earliest evidence for sad mimicry so far has been found in children of 6 and 7 years of age 
(Deschamps, Coppes, Kenemans, Schutter, & Matthys, 2015; Deschamps et al., 2012). To date, 
surprisingly few studies have investigated sad facial mimicry even in adults (Bos, Jap-Tjong, 
Spencer, & Hofman, 2016; Künecke, Hildebrandt, Recio, Sommer, & Wilhelm, 2014; Lee, Josephs, 
Dolan, & Critchley, 2006). Past research investigating facial mimicry of other negatively valenced 
facial expressions (Geangu et al., 2016) has tested young children’s mimicry responses of angry 
expressions, finding evidence for a fear reaction to angry and not mimicry of angry expressions, 
suggesting that certain emotions (i.e. anger) not only are not affiliative, but produce a reactive 
response instead. Thus, the finding that children as young as 3-years-old already display facial 
mimicry of sad expressions is an important contribution to the facial mimicry literature, 
demonstrating young children’s ability to mimic a number of different emotional facial 
expressions. Our study and the one by Geangu and colleagues (2016) used only female adult 
models. In order to extend the generalizability of these findings, further investigations should also 
use adult male and children models. 
2





Furthermore, our data suggested that children with higher resistant attachment tendencies 
(although within the clinically secure attachment range) respond with higher sad facial mimicry, 
suggesting that the higher the motivation for affiliation, the more children manifested mimicry of 
sad expressions. The interpretation of this result should be exercised cautiously, given that this was 
the only effect that emerged in the regression model, for which the omnibus test did not reach 
statistical significance. The finding that resistant attachment scores predicted enhanced sad facial 
mimicry is in line with our hypothesis that young children employ mimicry selectively, based on 
their intrinsic motivation for affiliation, and that their intrinsic motivation to affiliate with others 
and thus facial mimicry is rooted in their early attachment relationships. The specific relationship 
between resistant attachment tendencies and the mimicry of sad facial expressions could be 
explained by enhanced attention and hypervigilance in response to cues in the environment that 
could possibly be threatening (e.g. negatively valences emotional expressions; Fraley & Shaver, 
2000). Indeed, Fraley and colleagues (2000) found a heightened perceptual sensitivity to emotional 
cues in anxiously, but not avoidant attached individuals, and slightly stronger sensitivity for sad 
than happy emotional expressions. In addition, previous studies have shown an increased 
sensitivity to faces (Hofer & Hagemeyer, 2018) and enhanced neural activation in areas linked to 
facial mimicry (i.e. orbitofrontal cortex) in anxiously attached individuals (Donges et al., 2012). 
Interestingly, and contrary to our hypothesis, avoidant attachment tendencies did not yield 
a suppression of facial mimicry, although a pattern in the expected direction was observed. 
Evidence from an adult study (Sonnby-Borgstrom & Jonsson, 2004) showed that individuals 
characterized by avoidant attachment suppress facial mimicry responses, particularly in response 
to negative facial expressions. Interestingly, we found a significant difference in avoidant scores 
between children who were excluded from the analyses (e.g. not accepting the electrodes on their 
face, fussiness, excessive talking, not enough trials) and children who provided sufficient data to 
be included in the statistical analyses. This finding suggests that children characterized by avoidant 
attachment tendencies were more likely to refuse the electrodes on their faces or to become fussy 
during the experiment. This lack of children characterized by high avoidant attachment in our 
sample might also be one of the reasons why we did not find a statistically significant modulation 
of facial mimicry by avoidant tendencies. These findings provide important insights into the 
feasibility of investigating insecure attachment in relation to highly sensitive measures, such as 
facial EMG. Accordingly, future research should cautiously consider drop-out rates in relation to 
insecure attachment and take this into account for the study design. Moreover, the results also did 
not provide evidence for the regulatory role of inhibitory control on selective facial mimicry. This 
finding is in contrast to that of van Schaik and Hunnius (2018), showing that inhibitory control 





predicts selective behavioural mimicry in children. As those children were older than the children 
in our study, it could be the case that the role of inhibitory control becomes more prominent 
during later childhood. Furthermore, it is noteworthy that in contrast to the former study, that 
measured a more explicit form of mimicry (i.e. behavioural mimicry), in our study we measured an 
implicit form of mimicry. However, the lack of effects of avoidant attachment tendencies and 
inhibitory control highlight an alternative argument. 
It could be argued that interindividual differences in the motivation for affiliation, as 
stemming from early attachment relationships are not subject to a controlled suppression of 
mimicry responses, but rather reflects a learned response that individuals employ. Indeed, infants 
spend a substantial amount of their awake time in face-to-face interactions with their caregivers, 
and thereby, bearing in mind that attachment tendencies stem from these early interactions 
(Lieberman, Doyle, & Markiewicz, 1999), facial mimicry could be an acquired communication skill 
that individuals manifest throughout the lifespan. A study comparing two samples of 5- to 10-year-
old maltreated and control children showed that maltreated children displayed altered facial 
mimicry responses and in particular suppressed corrugator supercilii activation to negative facial 
expressions (Ardizzi et al., 2016). These responses might thus be an early functional adaptation to 
the environment. The suppressed mimicry response to negative facial emotional expressions by 
maltreated children is in line with the findings by Sonnby-Borgström and Jönsson (2004), 
suggesting mimicry suppression to negative facial emotional expressions by insecurely avoidant 
individuals, at a subliminal level, possibly due to emotional regulation difficulties. Based on early 
experiences and interactions, young children might learn that displaying or mimicking certain 
expressions and not others is more advantageous and functional in their environment. 
Importantly, though, our sample was drawn from the general population which was not 
characterized by clinical insecure attachment categories, but rather by avoidant and resistant 
attachment tendencies. Thus, it may be that we could not optimally capture strong interindividual 
differences in their motivation for affiliation, or the lack of it. Future studies are needed to 
investigate these differences, for example in a context that explicitly activates the attachment 
system, triggering avoidant or attachment tendencies in children’s behavioural responses, or within 
clinical samples. 
Furthermore, children’s attachment tendencies were evaluated in relation to their primary 
caregivers, while facial mimicry was measured towards unfamiliar others. Early attachment patterns 
are known to generalize to other relationships during later development (Ardizzi et al., 2016), and 
as such we assessed attachment as a proxy for one’s affiliative motives with others. Nevertheless, 
it could be the case that the attachment effects on facial mimicry would be stronger in response to 
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caregiver’s facial expressions, in line with the proposition that facial mimicry may emerge within 
the context of face-to-face interaction between parents and their infants (Ray & Heyes, 2011). 
Future research should further explore the interrelation between attachment tendencies and facial 
mimicry towards primary caregivers and unfamiliar others. Finally, we found no evidence for the 
modulation of happy mimicry by different attachment tendencies. This could be due to the fact 
that happy expressions are readily mimicked from early infancy (Datyner & Richmond, 2017). 
Happy expressions indicate pleasant interactions and thus individuals might not need to modulate 
their responses to these. On the contrary, mimicking sad emotions may be emotionally costly for 
children characterized by insecure attachment, as this emotion signal distress. Altogether, our 
findings together with those by Sonnby-Borgström and Jönsson (2004) in which the modulation 
of attachment emerged specifically for sad and angry facial mimicry, respectively, demonstrate that 
insecurely attached individuals are particularly sensitive to negative affect. 
One limitation that requires attention in the interpretation of these results is the assessment 
of attachment. Interestingly, contrary to previous evidence on the partial convergence validity 
between AISI and AQS (Wissink et al., 2016), we found no significant relations between the two 
instruments. Both instruments separately yielded attachment scores that are comparable to 
previously reported scores in the general population (Wissink et al., 2016). Furthermore, while the 
focus of the AQS is on the child-parent interaction and the quality of this relationship, that of the 
AISI is more on the children’s behaviours as reported by their parents. Although this can provide 
an explanation of the lack of convergence between the AISI and the AQS, it does not explain why 
we do not replicate the findings by Wissink and colleagues (Colonnesi et al., 2013; Wissink et al., 
2016). More data is needed to examine the relation between the AISI and the AQS further. 
In summary, this study provides evidence for facial mimicry of positive and negative 
affiliative emotional expressions in 3-year-olds. Moreover, children’s higher affiliation motivation 
(resistant attachment tendencies), but not reduced affiliation motivation (avoidant attachment 
tendencies), were found to modulate facial mimicry for sad expressions. Altogether, these findings 
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Social ostracism triggers an increase in affiliative behaviours. One such behaviour is the rapid 
copying of others’ facial expressions, called facial mimicry. Insofar, it remains unknown how 
individual differences in intrinsic affiliation motivation regulate responses to social ostracism 
during early development. We examined children’s facial mimicry following ostracism as 
modulated by individual differences in the affiliation motivation, expressed in their attachment 
tendencies. Resistant and avoidant tendencies are characterized by high and low affiliation 
motivation, and were hypothesized to lead to facial mimicry enhancement or suppression towards 
an ostracizing partner, respectively. Following an ostracism manipulation in which children played 
a virtual game (Cyberball) with an includer and an excluder peer, mimicry of the two peers’ happy 
and sad facial expressions was recorded with electromyography (EMG). Attachment was assessed 
via parent-report questionnaire. We found that 5-year-olds smiled to sad facial expressions of the 
excluder peer, while they showed no facial reactions for the includer peer. Neither resistant nor 
avoidant tendencies predicted facial mimicry to the excluder peer. Yet, securely attached children 
smiled towards the excluder peer, when sad facial expressions were displayed. In conclusion, these 
findings suggest a modulation of facial reactions following ostracism by early attachment.  














Human behaviour is shaped by the need to belong and hence the intrinsic drive to affiliate with 
others (Baumeister, 2012; Baumeister & Leary, 1995). To achieve affiliation, individuals use subtle 
strategies from early on in development (Datyner et al., 2017; Kaiser et al., 2017; van Schaik & 
Hunnius, 2016, 2018). One such behaviour is the rapid copying of others’ facial expressions, 
commonly referred to as facial mimicry (Dimberg, 1982; McIntosh et al., 2006). Facial mimicry is 
thought to play an important role in interpersonal relationships, as it has been shown to increase 
liking and foster affiliation amongst social partners (Hess & Fischer, 2014; Salazar Kämpf et al., 
2018). Furthermore, it has been shown that facial mimicry is modulated by social context (Hess & 
Fischer, 2016). For example, individuals mimic more in-group compared to out-group members 
(Bourgeois & Hess, 2008; van Schaik & Hunnius, 2016) and people towards whom they hold 
positive attitudes (Likowski et al., 2008). Furthermore, recent evidence suggests that one’s intrinsic 
motivation for affiliation modulates facial mimicry (Vacaru et al., 2019). Facial mimicry of 
emotional expressions is not merely the result of activation matching, but is also influenced by 
one’s affect. Contrary to postures, facial emotions are inherently meaningful and their mimicry 
engage affective and motivational processes (Cacioppo, Petty, Losch, & Kim, 1986; Hess & Fisher, 
2017; van Boxtel, 2010). Accordingly, inner states and intrinsic characteristics (e.g. attachment 
orientation, Vacaru et al., 2019; callous-unemotional traits, de Wied, van Boxtel, Zaalberg, 
Goudena, & Matthys, 2017), in concert with affiliation motives (Dufner, Arslan, Hagemeyer, 
Schonbrodt, & Denissen, 2015) modulate the extent to which individuals manifest facial mimicry 
in social contexts (Bos, Jap-Tjong, Spencer, & Hofman, 2016; Kraaijenvanger, Hofman, & Bos, 
2017). 
 Particularly when one’s belonging is under threat, individuals strive to restore positive 
feelings by recruiting affiliative behaviours (Williams, 2007; Williams & Nida, 2011). For instance, 
children who had been primed with ostracism showed greater affiliation motivation by drawing 
characters closer to each other (R. Song et al., 2015) and showing more prosocial behaviours (Over 
& Carpenter, 2009b) as well as higher imitation fidelity in a subsequent behavioural task as means 
to convey liking and similarity to a social partner (Over & Carpenter, 2009a; Watson-Jones et al., 
2014; Watson, 2013). In the same vein, following social exclusion in an experimentally manipulated 
ball-tossing computer game (i.e. Cyberball, Hartgerink, van Beest, Wickerts, & Williams, 2015; 
Scheithauer, Alsaker, Wolfer, & Ruggieri, 2013; Willimas & Jarvis, 2006) children showed more 
affiliative high-fidelity imitation behaviours (Watson-Jones et al., 2016; White et al., 2016).  
 When investigating the effects of ostracism on affiliative behaviours, it is crucial to bear in 
mind that although a universal human drive – the need to belong – is triggered (Baumeister, 2012; 
Song et al., 2015), humans may differ considerably in their sensitivity to social exclusion and their 
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intrinsic motivation to affiliate with others. Early attachment for instance has a pervasive effect on 
one’s social motivation. From early on, children form affective ties with their caregivers 
(Ainsworth, 1979; Bowlby, 1988), and these attachment relationships are thought to constitute the 
basis for their socio-emotional development (Cassidy, 1999). When children’s needs are adequately 
met by their primary caregivers, they develop secure trusting relationships, influencing the quality 
of other relationships in childhood and later in life (Groh et al., 2017; Roisman et al., 2005; Sroufe 
et al., 2005). Based on the quality of early attachment relationships, children form a secure or an 
insecure attachment style. Particularly, childhood insecure attachment can be distinguished into 
resistant/ambivalent (also called preoccupied in adulthood) and avoidant (also called dismissing in 
adulthood; Isabella, 1993). While resistant attachment  is characterized by an anxious style and high 
motivation for affiliation as a means of maximizing the chances for proximity and feelings of 
acceptance, avoidant attachment is characterized by a dismissing style and diminished motivation 
for affiliation (Fraley & Shaver, 2000; Mikulincer et al., 2003).  
Accordingly, some evidence indeed shows that early resistant attachment tendencies yield 
enhanced facial mimicry, suggesting higher intrinsic affiliation motivation, irrespective of the social 
context (Vacaru et al., 2019). Another study found that adults with an avoidant attachment style 
tend to suppress facial mimicry responses to negative expressions (i.e. anger facial expressions) 
and instead react with an opposite expression (i.e. happy facial expression), which has been 
interpreted as an attempt to suppress negative emotion processing (Sonnby-Borgstrom & Jonsson, 
2004). Together, these studies suggest that individual differences in insecure attachment tendencies 
influence the situational motivation for affiliation and, hence, facial mimicry.  
While there is limited work examining behavioural reactions to social ostracism and the 
effect of attachment tendencies on these affiliative behaviours, neurocognitive studies support the 
hypothesis that individual differences in one’s motivation for affiliation affect one’s reactions to 
ostracism. In a functional Magnetic Resonance Imaging (fMRI) Cyberball study investigating the 
relation between attachment styles and neural responses to social ostracism (DeWall et al., 2012), 
individuals scoring high on resistant attachment showed increased neural activation in response to 
social rejection in the dorsal anterior cingulate cortex and anterior insula, indicating greater 
negative responses to rejection and potentially greater distress. In contrast, individuals scoring high 
on avoidant attachment showed considerably dampened neural activation in those areas, suggesting 
that avoidant individuals may be emotionally distancing themselves from distressing interactions 
with others, as a way to keep a safe distance from others (DeWall et al., 2012). Likewise, an fMRI 
study investigating neural responses to social exclusion in children with early life separation 
experiences found reduced neural activity in areas implicated in emotion regulation, and children 





reported more feelings of exclusion and frustration during the Cyberball manipulation compared 
to controls (Puetz et al., 2014). Furthermore, in adults, it has been shown that secure attachment 
buffers the effects of social exclusion during a Cyberball game, as revealed by diminished neural 
activation in brain regions implicated in emotion regulation (Karremans et al., 2011). Taken 
together, these findings highlight differences in the sensitivity to social rejection between 
individuals with different attachment styles, which possibly may also guide individuals’ affiliative 
behaviours during interactions characterized by social exclusion. 
 In light of earlier findings suggesting that early life experiences with caregivers greatly affect 
the neural and behavioural responses to social ostracism, we examined young children’s affiliative 
behavioural responses, as measured by facial mimicry, following ostracism and their modulation 
by early attachment tendencies. Accordingly, the aim of this study was twofold.   
First, we investigated children’s affiliative behaviours by means of their facial mimicry of 
peers with whom they had engaged in a Cyberball game. We used two exemplars of positive and 
negative emotions, similar to the previous studies (Sonnby-Borgstrom & Jonsson, 2004; Vacaru et 
al., 2019). Particularly, we chose sad instead of angry emotional expressions, given that angry 
expressions may elicit a fear reaction rather than a mimicry response (Geangu et al., 2016). More 
specifically, using electromyography (EMG), we assessed whether children would display increased 
zygomaticus major (ZM; smiling) and decreased corrugator supercilii (CS; frowning) muscle 
activation in response to happy facial expressions, and conversely, whether they would display 
increased CS and decreased ZM muscle activation in response to sad facial expressions. We 
examined whether children’s facial responses differed for a peer who had played the game in an 
unkind, excluding way and a peer who played in a kind, including way. In line with previous 
evidence that showed an increase in affiliative imitation behaviours following ostracism (Watson-
Jones et al., 2014, 2016), we expected that children would display stronger facial mimicry to the 
excluder’s compared to the includer’s facial expressions. In other words, being ostracized will 
trigger their motivation to restore positive feelings and hence to affiliate with the excluder peer by 
means of facial mimicry, while this will not be the case for the includer peer, with whom the 
interaction was already of an affiliative inclusive nature. Furthermore, we expected a stronger 
modulation of sad compared to happy expressions. This hypothesis is in line with previous findings 
showing no differences between inclusion and exclusion for happy facial mimicry, potentially due 
to the high automaticity of facial mimicry of happy expressions irrespective of the social context 
(Hühnel et al., 2018). 
Second, we examined the modulation of children’s facial responses to the excluder peer by 
attachment tendencies. According to the attachment theory, attachment behaviours become 
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manifest under conditions of distress (Fraley et al., 1998), which in this experiment is induced 
through the experience of ostracism. Attachment threat paradigms have been commonly used in 
attachment research to activate the attachment behavioural system and study the effects of 
different attachment tendencies on social dynamics, including mimicry (Crisp et al., 2009; Hall et 
al., 2012; Mikulincer et al., 2003). Similarly, we expected that the effect of ostracism would be 
particularly salient in children characterized by insecure attachment and resistant and avoidant 
tendencies would lead to different behavioural strategies. Moreover, as the attachment system is 
activated following a distressing experience, we expected that insecurely attached children would 
exhibit distinct dis/affiliative behaviours, aimed at restoring positive feelings in relation to the 
source of distress. Consequently, in line with previous evidence (Vacaru et al., 2019), we 
hypothesized that children characterized by resistant attachment would show increased facial 
mimicry to the excluder, as opposed to children characterized by avoidant attachment who were 
expected to show decreased facial mimicry, as means to increase or decrease chances for affiliation, 
respectively (Williams, 2007). Hence, we assessed resistant and avoidant attachment tendencies as 
they lead to distinct strategies to attain affiliation. 
Methods 
Participants  
Participants were recruited from a database of volunteer families of the Baby and Child Research 
Centre, Radboud University, Nijmegen, The Netherlands. Forty-two children participated in the 
study, but eight of them were excluded due to children not accepting the electrodes on their face 
(n = 1) and not having the minimum numbers of trials (at least two per peer and emotion) after 
EMG artefact rejection (n = 7). Thus, a total of 34 children (21 girls; Mage = 4. 72 years, SDage = .34 
years, range = 3.81 – 5.27 years) were included in the final analyses. The sample size was 
determined based on prior work using a similar approach in which a medium-sized effect (R2 = 
.39) of attachment on facial mimicry was found (Over & Carpenter, 2009a; Vacaru et al., 2019). 
Accordingly, a power analysis was performed using a linear multiple regression from the t-test 
family, two-tailed, three predictors (i.e. resistant, avoidant attachment and their interaction) 
assuming a medium effect size of .39, with .95 power and α of 0.05. This calculation showed a 
required sample of 36 participants. (G*Power software; Faul et al., 2007). Written informed 
consent was given by parents prior to their children participation in the study. Ethical approval for 
the study was obtained from the Ethics Committee of the Faculty of Social Sciences, Radboud 
University (ECSW-2017-1301-470). The study was conducted according to the ethical standards 
of the Declaration of Helsinki. 






The session started with a 10-minute warm-up phase during which the child became acquainted 
with the testing room and the experimenters. Meanwhile, parents were informed about the study 
and were asked for their written informed consent. When the child seemed at ease, the 
experimenter asked whether they liked to play with stickers. The experimenter let the child select 
a cartoon character (e.g. Mickey Mouse) printed on an A4 sheet, which had small rectangles drawn 
on their faces, corresponding to the EMG electrode arrangement. The child was first encouraged 
to place stickers in the rectangles on the cartoon character’s face and was then asked whether they 
would like to have similar stickers on their own face. The experimenter then asked the child to 
take a seat in front of a screen (60 cm distance) and explained that they would also receive stickers 
(i.e. the electrodes) on their face in the same spots as the rectangles on the cartoon sheet. Once 
the electrodes were attached to the skin, the experimenter checked the impedances and the EMG 
signal quality. When the signal quality was not within the 100 uV range or impedances were too 
high (> 10 kOhm), the skin was cleaned more and conductive gel was added to the electrodes, if 
necessary. Once the electrodes were attached well, the experiment started. 
Children were instructed that they would use the buttons to toss the ball to the other 
players. First, they played the familiarization phase with the cartoon-like players. Then, the 
ostracism manipulation started, in which children were told that they would play a game with two 
other children who were in different rooms. The pictures of the two players displaying a neutral 
facial expression were shown on the left and the right side of the screen. After the ostracism 
manipulation, the mimicry task started in which participants were shown pictures of the two 
players portraying happy and sad facial expressions. Finally, to restore positive feelings, children 
played another round of the Cyberball game with the two players now portraying happy facial 
expressions and both playing fairly. 
Children’s behaviour during the task was monitored via a camera. The experiment was 
interrupted if the child did not want to continue. After the EMG recording, the electrodes were 
removed and the child’s face was cleaned with a wet wipe to remove any leftover gel. At the end 
of the experiment, children were compensated with 10 euros or a book.   
         
Materials 
Attachment Security  
Attachment security was examined with the Attachment Insecurity Screening Inventory 2-5 (AISI) 
(Colonnesi et al., 2013; Wissink, Colonnesi, Stams, Hoeve, Asscher, Noom, Polderman, Kellaert-
Knol, et al., 2016). The AISI is a parent-report measure used to assess attachment of children 
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between 2 and 5 years of age. Its reliability and validity have been examined across typical and 
clinical populations, indicating sound psychometric properties in terms of convergent, concurrent, 
and predictive validity as well as discriminating power between secure and insecure preschoolers 
(Colonnesi et al., 2013; Wissink et al., 2016). The questionnaire contains 20 items on a 6-point 
Likert scale that belong to 3 subscales: avoidant, ambivalent/resistant and disorganized 
attachment. For the purpose of this study, only avoidant and resistant attachment tendencies were 
used in the analyses, as continuous scores. According to discriminating power analyses, a cut-off 
score of 46 from the total scale distinguishes between securely (< 46) and insecurely attached (> 
46) children (Colonnesi et al., 2013; Wissinket al., 2016). Accordingly, 59% of children qualified as 
securely attached and 41% as insecurely attached, in line with previous findings on the prevalence 
rate of attachment security distribution in the general population (Vacaru et al., 2019; van 
Ijzendoorn, Schuengel, & Bakermans-Kranenburg, 1999; Wissink et al., 2016). Internal consistency 
analysis yielded a Cronbach’s α of .735 for the avoidant subscale, .747 for the ambivalent/resistant 
subscale and .781 for the total scale, similar to previous results (Colonnesi et al., 2013; Wissinket 
al., 2016). 
 
Cyberball Paradigm  
The Cyberball paradigm (Hartgerink et al., 2015; Williams & Jarvis, 2006) was used to manipulate 
social dynamics of inclusion and exclusion. This experimental paradigm consists of a computer 
game in which the participant and two virtual players toss a ball to each other (Figure 3.1). Children 
were told that they would play a game with two other children through the computer, while they 
were all in separate rooms (the participant in the blue room and the other players in the green and 
the orange room). The participants used a two-button response pad on which they placed both 
hands and pressed the right button with the right hand and the left button with the left hand to 
toss the ball either to the player on the right or on the left side of the screen. Social dynamics were 
manipulated by programming the computer players to toss the ball to the participant either just 
once (excluder) or in a fair manner (includer). The number of ball tosses of the includer player was 
dependent on the tosses of the participant and to whom they tossed the ball first, as the includer 
had to toss the ball an equal number of times to each player. Overall, children tossed the ball 7.39 
times (SD = 4.36) to the includer and 8.58 times (SD = 2.17) to the excluder, t(32) = 1.24, p = 
.222. 
 Participants were first familiarized with the game by playing with two cartoon characters 
who tossed the ball equally often to each other and to the child. Afterwards, the ostracism 
manipulation started in which the pictures of two players were displayed each on one side of the 





screen in a coloured square (orange or green) representing the room where they were supposedly 
playing from. The players were male child models for boy participants and female child models 
for girl participants. The side of the screen (right, left) as well as the room colours (green, orange) 
in which the models were presented were counterbalanced across participants. A blue square at 
the bottom of the screen represented the room where the participants were playing. At the end, 
children played another round in which both players tossed the ball equally frequently to the 
participant to restore positive feelings. Altogether, the game lasted approximately 5 minute. 
 
Stimulus Material and Facial Mimicry Paradigm 
For the Cyberball and facial mimicry paradigms, images (240 x 180 pixels) of White female and 
male children (four in total) were selected from the Radboud Faces Database Database (Langner 
et al., 2010). During the Cyberball game, the models had a neutral facial expression.  
In the facial mimicry task, happy and sad facial expressions of both models were repeated 
eight times in a pseudo-randomized order, with the constraints that the same peer displaying the 
same emotion was never repeated right after each other. Hence, a total of 32 pictures were 
presented (i.e. 2 models x 2 facial expressions x 8 repetitions). Each trial lasted approximately 4000 
ms and unfolded as follows: 1000 ms fixation cross, 2000 ms picture presentation and a jittered 
inter-trial interval of 500 to 1000 ms. With the onset of the fixation cross a short beep was played 
as an attention-getter. The tasks were displayed on a 17’’ monitor (1280 x 1024 pixels) and watched 
from a distance of 60 cm.  
 
EMG Recordings 
EMG responses were measured with Brain Vision Recorder (Brain Products, 2009). Pediatric 
disposable 4-mm Ambu-Neuroline 700 Ag/AgCl surface electrodes were used to record muscle 
activation from the ZM and CS muscles with a bipolar configuration and 10 mm inter-electrode 
distance between their centres (Cacioppo et al., 1986; Dawson, Schell, & Filion, 2007). The ground 
electrode was attached on the forehead below the hairline, and the reference electrode was attached 
on the mastoid bone behind the ear. The guidelines for optimal placement of bipolar surface EMG 
electrodes in the face were followed (tweet al., 2010), consistent with previous studies with young 
children (Addabbo, Vacaru, Meyer, & Hunnius, 2019; Geangu, Quadrelli, Conte, Croci, & Turati, 
2016; Vacaru et al., 2019). A sampling rate of 2500 Hz was used, and a low cut-off filter of 10 Hz 
and a high cut-off of 1000 Hz were set for the data acquisition. To ensure good quality data 
acquisition, the standard procedures for EMG muscle site preparation and placement were 
followed (Tassinary, Cacioppo, & Geen, 1989). The skin over the muscle group was cleaned and 
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using Nuprep Skin Prep Gel and baby cleanser wipes. Moreover, conductive OneStep clear gel 
was added to the already pre-gelled electrodes to improve their impedances.  
 
EMG Data Processing 
EMG data were pre-processed and normalized with Brain Vision Analyzer 2.1 (Brain Products, 
2009), following the recommendations of De Luca and colleagues (2003). First, the trials were 
filtered using a notch filter with band rejection of 50 Hz, 0.2 bandwidth, order 4, as implemented 
in BVA. Next, an infinite impulse response zero phase shift Butterworth filter with a low cut-off 
frequency of 20 Hz and high cut-off frequency of 500 Hz, and a 12 dB/octave slope was applied. 
After the data pre-processing, artefact rejection based on visual investigation of the EMG signal 
was conducted. The signals of both muscles were screened between 500 ms prior and the 2000 ms 
after stimulus onset; hence, for segments with a total duration of 2500 ms. The segments were 
inspected for extreme amplitude values outside a 100 mV range. If any peaks during a segment 
indicated such extreme values, the trial was rejected. The mean number of trials after pre-
processing was 26.5 (SD = 6.18, Min = 12, Max = 32); with on average 6.76 (SD = 1.48; Min = 3, 
Max = 8) trials for the happy includer, 6.65 (SD = 1.97, Min = 2, Max = 8) for the happy excluder, 
6.32 (SD = 2.10; Min = 2, Max = 8) for the sad includer, and 6.76 (SD = 1.41; Min = 4, Max = 8) 
for the sad excluder peers. The difference in the number of trials for the peer-emotion 
combinations was not significant, F(1, 33) = 2.11, p = .156. Lastly, the signals were rectified. 
EMG data was standardized within participants and within muscles to allow comparisons 
across different muscles (Dawson, Schell, & Filion, 2007). To this end, data was divided in bins of 
100 ms and each bin was standardized by subtracting from each value the mean activation in 
microvolts of all the bins and dividing it by the standard deviation of all bins. Next, we calculated 
the mean of the baseline bins and performed the baseline correction by subtracting the baseline 
mean activation from each 100 ms bin of the time window of the stimulus presentation. Thereafter, 
we calculated the mean activation of the whole 2000 ms time-window for subsequent analyses. 
The time course of standardized muscle activation in the CS and ZM muscles over the trial for the 
two different emotions and peers is displayed in Figure 3.2





















































































































































































































































































































































































































To address our first aim, namely to investigate children’s affiliative behaviours by means of their 
facial mimicry of peers with whom they had engaged in a Cyberball game, we tested whether 
children mimicked happy and sad facial expressions of an includer and an excluder peer. This was 
done with a within-factors repeated measures ANOVA with emotion (happy, sad), muscle (CS, 
ZM) and peer (includer, excluder) as independent variables and mean standardized muscle 
activations as the dependent variables. This analysis provides information as to whether muscle 
activation differences exist as a function of the observed emotional expression, when it is displayed 
by one or the other peer. 
Second, to test whether avoidant or resistant attachment tendencies modulate facial 
responses to the excluder peer, we ran two linear regression models with happy and sad facial 
mimicry as the dependent variables and avoidant and resistant attachment continuous scores as 
predictors. To this end, composite scores for happy and sad mimicry were created to index the 
response to an observed expression, rather than activation of each muscle as a function of the 
observed emotion. Using one score as an index of facial mimicry reduces the complexity of the 
analysis and eases interpretation of effects.  
Results 
Facial Mimicry Following Ostracism 
The summary statistics of the muscles for each emotion and peer, and their intercorrelations are 
displayed in Table 3.1. Figure 3.3 illustrates the violin plots for the happy and sad facial expressions 
for the includer and the excluder peer. The repeated measures ANOVA revealed a non-significant 
The three-way interaction between emotion (happy, sad), muscle (ZM, CS), and peer (includer, 
excluder) did not reveal a significant effect, F(1, 33) = 1.01, p = .323.. Further, a two-way 
interaction between muscle and peer emerged, F(1, 33) = 10.16, p = .003, ηp2 = .23, suggesting 
differences in the muscle reactions for the includer and the excluder peer. Also, there was a 
significant main effect of peer, F(1, 33) = 4.73, p = .037, ηp2 = .12, indicating overall differences 
in the responses for the includer and the excluder peer. The muscle X peer interaction was 
followed by posthoc analyses to investigate muscle differences between peers, averaged across 
emotions.  
































































































































































































































































































































































































































































































































































Paired samples t-tests revealed a significant difference in the muscle activation for the 
excluder peer, t(33) = 2.84, p = .008 between ZM (M = 0.28, SD = 0.62) and CS (M = -0.15, SD 
= 0.60), and no significant difference, t(33) = -0.32, p = .751, in muscle activation for the includer 
peer between ZM (M = 0.20, SD = 0.55) and CS (M = 0.24, SD = 0.46). These results suggest that 
while no significant facial reaction emerged for the includer peer, children reacted with a smile-like 
facial expression to the excluder peer, irrespective of the facial emotional display.  
 
 
Figure 3.3 Violin plots illustrating the muscle activation in the ZM (blue) and the CS (red) in 
response to happy and sad expressions for the includer and the excluder peer. The distribution of 
the data is represented by the violin shape, with larger width indicating higher value frequency. 
The mean of each muscle in each condition is represented by a plus sign, whereas the horizontal 
bars represent the minimum, the median and the maximum values. The whiskers represent the 
first and the fifth quantile. ns = non-significant; * p < .05. 
 
Resistant and Avoidant Attachment Modulation of Facial Mimicry 
The modulation of happy and sad facial mimicry towards the excluder peer by resistant (M = 15.48, 
SD = 5.24, Min = 4, Max = 26) and avoidant (M = 14.58, SD = 4.19, Min = 4, Max = 26) 
attachment was analysed in two separate regression analyses. Resistant and avoidant attachment 
were not related (r = .188, p = .191). Prior to the analyses, the normality distribution of the 
attachment scores were examined with the Shapiro-Wilk test (54), which revealed a W = .94, p = 
.064 and a W = .97, p = .452 for resistant and avoidant attachment respectively, indicating that the 
data did not significantly deviate from a normal distribution. To compute the dependent variables, 
we calculated the difference scores between the ZM and CS mean activation for happy, whereas 
sad facial mimicry was calculated as the difference between CS and ZM mean activation. A positive 
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difference score between the ZM and the CS represents a congruent response to happy, whereas 
a positive difference score between CS and ZM indicates a congruent response to sad expressions. 
The first analysis investigated the modulation of attachment tendencies on happy facial mimicry 
by regressing the scores of resistant, avoidant and the interaction between resistant and avoidant 
attachment patterns on the happy mimicry difference score. This analysis revealed no significant 
main effects of resistant, β = -0.16, t(3, 25) = -0.77, p = .447, or avoidant patterns, β = 0.07, t(3, 
25) = 0.32, p = .749, and no significant interaction effects, β = 0.03, t(3, 25) = 0.14, p = .888 on 
happy facial mimicry. Similarly, the results from the second analysis that investigated the 
modulation of attachment tendencies on sad facial mimicry by regressing the scores of resistant, 
avoidant and the interaction between resistant and avoidant attachment patterns on the sad 
mimicry difference score revealed no significant main effects of resistant, β = 0.07, t(3, 25) = 0.34, 
p = .732, or avoidant patterns, β = 0.15, t(3, 25) = 0.72, p = .479, and no significant interaction 
effects, β = -0.08, t(3, 25) = -0.37, p = .713. 
 
Exploratory Analyses of Secure versus Insecurely Attached Children’s Facial Mimicry  
After our planned regression analyses on the effect of insecure attachment tendencies (i.e. resistant 
and avoidant) on facial mimicry towards the excluder peer, we also explored facial mimicry 
differences between securely and insecurely attached children. It is possible that our null findings 
on the relationship between resistant and avoidant attachment tendencies and facial mimicry were 
caused by the low variability of avoidant and resistant attachment in our sample. Hence, we 
grouped participants into secure an insecure attachment, based on cut-off guidelines, irrespective 
of their specific tendency (resistant or avoidant), with the aim to contrast maximally different 
groups. To this end, the sample was split in two groups based on the cut-off criteria of the AISI, 
with scores < 46 qualifying as secure attachment and scores > 46 as insecure attachment, which 
entail both resistant and avoidant (N = 20 secure; N = 14 insecure) tendencies. Noteworthy, the 
AISI instrument gives an indication of children’s attachment tendencies, and not clinical categories. 
To test these differences, we conducted two repeated measures ANOVA analyses, one per 
emotion, with the factors muscle (ZM, CS) X peer (includer, excluder) X security (secure, insecure) 
and happy and sad facial mimicry as dependent variables. Results are illustrated in Figure 3.4. 
For the sad emotion, the analyses yielded a significant muscle X peer X security interaction, 
F(1, 32) = 4.24, p = .048, ηp2 = .12. We followed up this result with two separate ANOVAs and 
found a significant muscle X peer interaction, F(1, 19) = 11.94, p = .003, ηp2 = .39, in the securely 
attached group, but not in the insecurely attached group, F(1, 13) = 0.12, p = .736. Paired sample 
t-tests showed that securely attached children displayed higher ZM (M = 0.46, SD = 0.84) 
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compared to CS muscle activation (M = -0.24, SD = 0.76) for the sad expression, revealing a 
smiling response to the sad facial expression of the excluder peer, t(19) = 3.18, p = .005. 
Conversely, they reacted with a congruent facial expression to the sad emotion of the includer with 
higher CS (M = 0.40, SD = 0.65) than ZM muscle activation (M = 0.11, SD = 0.92), yet this 
difference did not reach statistical significance, t(19) = 1.04, p = .311. In the insecurely attached 
group, no significant differences emerged in their muscle facial responses to the sad emotion (all 
ps > .29). Lastly, for the happy emotion, no significant muscle X peer X security interaction 
emerged, F(1, 32) = 0.69, p = .413. 
Figure 3.4 The figure illustrates the muscle activation in the ZM (blue) and the CS (red) muscle 
in the secure (a, b) and in the insecure group (c, d) for happy and sad emotion. ns = non-significant; 
* p < .05.
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The current study investigated whether young children’s facial mimicry following social ostracism 
is modulated by attachment tendencies that underlies different affiliation motivations. For this 
purpose, we assessed facial EMG responses to happy and sad facial expressions of two peers with 
whom children had interacted via a computerized ball-tossing game and who had either played 
fairly or excluded them. We expected that children would show stronger facial mimicry to a peer 
who had excluded them in the game as means to restore affiliation than to a peer who had played 
fairly. Furthermore, we hypothesized that attachment tendencies would modulate children’s facial 
mimicry responses to the excluder peer. Specifically, we expected children with resistant tendencies 
to show enhanced facial mimicry and children with avoidant tendencies to show reduced facial 
mimicry of the excluder peer. 
Our EMG results revealed no indication for differences in the facial reactions for happy 
and sad expressions towards the includer peer. Interestingly however, children reacted with a 
smile-like expression to the excluder’s sad facial expression, indexed by increased zygomaticus 
activation. This response can be interpreted in different ways. It could be argued for instance that 
smiling to an unkind peer’s sad expression represents a behavioural cue of interpersonal warmth 
that manifests through positive affect (Bayes, 1972; Furl, Gallagher, & Averbeck, 2012) and thus 
may be an affiliative attempt. Relatedly, previous research revealed that smiles are related to 
approach behaviours (Furl et al., 2012; Winkielman, Berridge, & Wilbarger, 2005). Alternatively, 
children’s smiles to the excluder’s sad expression may interpreted as a retaliation response towards 
the unkind peer (Williams & Govan, 2005). In accordance with this explanation, a series of 
experimental studies showed that social exclusion yields antisocial responses (e.g. in Cyberball or 
virtual chat room paradigms; Chow, Tiedens, & Govan, 2008; Ghunter et al., 2012; Twenge et al, 
2001, 2007; Will et al., 2016). More research is needed to investigate the cognitive and emotional 
processes behind children’s smile to an excluder’s sad emotion. For instance, previous evidence 
suggests that greater cognitive control and social understanding modulates behavioural mimicry 
responses towards an unkind confederate (van Schaik & Hunnius, 2018; Will et al., 2016). 
 We also hypothesized that attachment tendencies would modulate children’s facial mimicry 
responses to the excluder peer. Our data showed that neither resistant nor avoidant attachment 
tendencies were significantly associated with facial mimicry responses to the excluder peer. This 
finding is in contrast to previous evidence indicating that 3-year-old children characterized by 
resistant attachment tendencies display enhanced facial mimicry to sad emotions (Vacaru et al., 
2019). These seemingly contradictory findings may be explained by a methodological difference 





between this and earlier research. In the current study, we investigated the modulation of 
attachment following a stressful situation of social ostracism, whereas the previous study by Vacaru 
and colleagues (2019) only investigated children’s intrinsic motivation for affiliation, stemming 
from early attachment relationships, irrespective of context. As such, it could be the case that 
children’s motivation for affiliation in the context of social ostracism differs from and prevails 
over their intrinsic affiliation motivation, as determined by their early attachment relationships. It 
is also noteworthy that the children in our sample were not drawn from a clinical sample and thus 
disturbed attachment patterns were rare. Moreover, our sample consisted of children of parents 
who had indicated to be interested in participating in research together with their child. These 
parents might be especially interested in their children’ development, which might also lead to 
them being more sensitive in the interaction with their children. Consequently, our sample was 
prevalently characterized by secure attachment (59%). Investigations across different populations, 
offering a broader spectrum of insecure attachment are needed to fully understand the relationship 
between mimicry and attachment. Besides, children played the Cyberball game on a computer 
while their parents were in the same room, and parents might have alleviated the effects of social 
exclusion by providing a safe environment through their mere presence. This could be especially 
true for securely attached children. For securely attached children, their parents’ presence may 
constitute a safe haven (Powell et al., 2009) where children find refuge in a moment of distress (i.e. 
ostracism in the game). However, for insecurely attached children, the presence of their parents 
may not instil feeling safe, and hence their presence may not have alleviated the effects of the 
stressor. Accordingly, in our study, securely attached children might have reacted to the excluder 
peer with a smile possibly because they felt protected by their parent’s presence in this ostracizing 
situation. The lack of a response in the insecurely attached children, however, may indicate that 
they did not feel safe enough to react to the unpleasant situation. In the future, studies using live 
interactions between peers will allow for examining more ecological valid social dynamics and 
potentially test the effect of parent’s proximity. 
 Nonetheless, the lack of significant relations between resistant and avoidant attachment 
tendencies with facial mimicry responses to the excluder peer could highlight a different strategy 
that insecurely attached children employ during stressful situations. Hence, we further investigated 
facial mimicry differences between securely and insecurely attached children. Interestingly, we 
found that securely attached children reacted with a smile to the excluder’s sad facial expressions, 
whereas insecurely attached children did not show any facial responses, possibly withholding any 
reaction towards both peers. Within the conscience development framework, it has been suggested 
that attachment security is associated with conscience development in young children (Kochanska, 
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1993; Laible & Thompson, 2000) and that securely attached children may hold a greater sense of 
fairness and a greater number of socially competent solutions to social problems (Raikes & 
Thompson, 2008). Therefore, they might be more likely to show punitive actions to others who 
violate expected norms (i.e. play fairly with peers) and thus display a punitive smile to the excluder 
peer’s sad expression. Instead, the lack of a response from the insecurely attached children may 
suggest a freezing response as a defensive mechanism during a negative social interaction. In 
accordance with this, a longitudinal study has shown that early attachment insecurity is related to 
freezing-like behaviours (such as reduced heart rate and body sway) in adolescents when exposed 
to negative facial expressions (Niermann, Smeekens, Figner, Riksen-Walraven, & Roelofs, 2015). 
This is also in line with the proposition that the inability to feel an emotion leads to lower 
expressiveness and reversely lower expressiveness induces the inability to feel (Niedenthal, Brauer, 
Halberstadt, & Innes-Ker, 2001; Oberman et al., 2009). Such a response may be adaptive in 
insecurely attached children as means to prevent themselves from being overwhelmed by negative 
feelings and be able to assess the risks in the environment (Lang, Bradley, & Cuthbert, 1997). 
These findings contribute important preliminary evidence to the field of attachment by 
highlighting possible regulatory mechanisms employed by insecure children during negative social 
interactions. Consequently, this proposition might have implications across the lifespan and later 
development of psychopathology. Indeed, disengagement, as seen in the insecure children, has 
been postulated as one central aspect for mistuned dyadic interactions and risk for mental health 
(Kobak & Bosmans, 2019). Further research is needed to unveil how psychological (i.e. 
attachment) and physiological (i.e. subtle mimicry, heart rate) factors interact in the modulation of 
social dynamics in normative and clinical samples.  
Altogether, our study revealed that 5-year-olds displayed smiling facial reactions to an 
excluder but not an includer peer following social ostracism, irrespective of the emotional 
expression. Interestingly, only securely attached children showed these facial reactions. These 
findings partially substantiate the body of evidence that ostracism yields an increase in affiliative 
behaviours, here indexed by facial reactions to an excluder peer (Over & Carpenter, 2009a; 
Watson-Jones et al., 2014; Watson, 2013), and contribute new evidence on the modulation of 
affiliative facial reactions by individual differences. Moreover, the finding that securely attached 
children react with a smile to an excluder’s sad facial expression raises questions regarding 
children’s affiliative versus retaliation responses to social exclusion and their underlying socio-
cognitive and emotional processes. This research further highlights the potential of novel 
techniques, such as facial electromyography to investigate subtle interpersonal dynamics following 
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Mimicking another individual functions as a social glue: it smoothens the interaction, facilitates 
rapport, and fosters affiliation. The aim of the current study was to investigate whether the intrinsic 
motivation to affiliate with others, stemming from early attachment relationships, modulates the 
extent to which individuals engage in facial mimicry. Participants (N = 100; MAge = 24.54 years, 
SDAge = 3.90 years) observed faces with happy, sad, and neutral expressions, while their facial 
muscle activity was recorded with electromyography. Zygomaticus major and corrugator supercilii 
activation was assessed via surface electrodes as an index of happy and sad facial expressions. 
Attachment styles were measured with the Attachment Styles Questionnaire, which provides a 
multidimensional profile for preoccupied and dismissing styles. It has been proposed that the 
preoccupied and dismissing styles are characterized by high and low intrinsic affiliation motivation, 
respectively, and these in turn were hypothesized to manifest in enhanced and diminished facial 
mimicry. Participants mimicked the happy and sad facial expressions as expected. They also 
responded with sad-like facial expressions to neutral stimuli. However, attachment tendencies did 
not significantly predict facial mimicry, as has previously been found in children. Instead, Bayes 
Factor analyses lend moderate to strong evidence favouring the null hypothesis, suggesting that 
adult attachment do not contribute to social mimicry. Accordingly, we discuss how the role of 
attachment in social mimicry might change across development. 













From early in development, social interactions include the rapid mirroring of others’ facial 
expressions (de Klerk, Lamy-Yang, & Southgate, 2019; Seibt, Mühlberger, Likowski, & Weyers, 
2015). This widely studied phenomenon, facial mimicry (Chartrand & van Baaren, 2009; Dimberg, 
1982; Hess & Fischer, 2016), entails that individuals display a facial expression congruent with that 
of their interaction partner within a few milliseconds upon its observation (Korb, Grandjean, & 
Scherer, 2010; Lundquist & Dimberg, 1995). As such, facial mimicry takes place outside of one’s 
awareness (Dimberg, Thunberg, & Elmehed, 2000; Mancini, Ferrari, & Palagi, 2013; Moody, 
McIntosh, Mann, & Weisser, 2007). In order to capture the subtlety and the rapidity with which 
facial mimicry occurs, often facial electromyography (EMG) is employed (Dimberg, 1988; 
Dimberg & Karlsson, 1997; Tassinary, Cacioppo, & Geen, 1989). Candidate muscles recruited 
during specific emotional expressions are selected and their activity is recorded with small surface 
electrodes. For instance, to assess mimicry of happy expressions, the muscle activation of the 
cheek’s zygomaticus major (ZM; Dimberg et al., 2000) is recorded, whereas the response to a sad 
expression is detected in the activity of the corrugator supercilii muscle (CS; Bourgeois & Hess, 
2008), responsible for frowning.  
What is most remarkable about facial mimicry is its central role in social interactions. 
Findings suggests that interpersonal mimicry fosters affiliations (Bourgeois & Hess, 2008; 
Chartrand & Bargh, 1999; Lakin, Chartrand, & Arkin, 2008; Lakin, Jefferis, Cheng, & Chartrand, 
2003) and promotes closeness between interaction partners (Cheung et al., 2015; Stel & Vonk, 
2010), and it is thought to be implicated in emotion sharing and empathic processes (Hess & 
Fischer, 2013, 2014; McIntosh, 2006; Sato et al., 2013). Furthermore, the extent to which 
individuals mimic one another is largely dependent on their motivation within a certain context. 
For instance, cooperative contexts promote higher empathy and facial mimicry than competitive 
contexts (Lanzetta & Englis, 1989), and general affiliative goals enhance mimicry responses 
(Kavanagh & Winkielman, 2016; Wang & Hamilton, 2012). Yet, despite the abundance of evidence 
for its social function in adults (for a comprehensive review of the literature see Hess & Fischer, 
2016), surprisingly little is known about the mechanisms responsible for this social behaviour.  
In order to understand the mechanisms underlying social mimicry, we must investigate 
how one’s experiences during early development contributes to its selective modulation. In 
contrast to the traditional view postulating neonates’ inborn capacity to mimic (Meltzoff & Moore, 
1977; 1983), studies have failed to replicate earlier findings (Heyes, 2016; Oostenbroek et al., 2019, 
2016; Ray & Heyes, 2011). It has thus been posited that the capacity to mirror others’ facial 
expressions lies in the early parent-infant relationships (Catmur, Walsh, & Heyes, 2009; de Klerk 
et al., 2019; Heyes & Ray, 2000; Rayson et al., 2017). From the first days of life, babies engage in 
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face-to-face interactions with their caregivers, and it has been shown that these are largely 
characterized by parental imitation (Beebe et al., 2010; Bigelow, Power, Bulmer, & Gerrior, 2015; 
Gergely & Watson, 1996; Jones, 2006; Markova, 2018; Užgiris, Benson, Kruper, Vasek, 1989). It 
is thought that these early imitogenic experiences provide babies with the learning opportunity for 
associations between the observation of one action and its execution, and hence the basis of facial 
mimicry (Ray & Heyes, 2011). In support of this view, it has been shown 
that imitogenic experiences at age 2 months predict infants’ motor system activation in 
observation of the same action at age 9 months by fostering the formation of sensory-motor 
couplings (Rayson et al., 2017). Accordingly, evidence for facial mimicry of emotions has been 
found from the age of 5 months on (Datyner, Henry, & Richmond, 2017; Geangu, Quadrelli, 
Conte, Croci, & Turati, 2016; Isomura & Nakano, 2016; Kaiser, Crespo-Llado, Turati, & Geangu, 
2017; Vacaru, van Schaik, & Hunnius, 2019). 
Not only do imitogenic experiences during early interactions foster learning of sensory-
motor associations, but the quality of these early interactions shapes individuals' intrinsic 
motivation for affiliation with others (Bohlin, Hagekull, & Rydell, 2000; Groh, Fearon, van 
IJzendoorn, Bakermans-Kranenburg, & Roisman, 2017; Schwartz, Lindley, & Buboltz, 2007). 
Based on the quality of infant-caregiver interactions, individuals form secure or insecure 
attachments (Ainsworth et al., 1978; Ainsworth, 1979; Bowlby, May, & Solomon, 1989), which are 
thought to remain stable throughout the lifespan (Cassibba et al., 2017; Verhage et al., 2016). The 
attachment theory posits that parents’ promptness to responding to their infants’ cues and needs 
is a signature of secure relationships, while inconsistent or lacking responsiveness is characteristic 
of insecure attachment relationships (Ainsworth et al., 1978). Insecure attachment relationships 
can be divided into dismissing (avoidant in childhood) and preoccupied (resistant in childhood) 
tendencies, that are characterized by different strategies to adapt to the early social environment 
with their primary caregivers. Individuals with a dismissing attachment style show avoidant 
behaviours and tend to distance themselves from others. Instead, individuals with an 
anxious/preoccupied style are characterized by preoccupation in relationships and fear of 
abandonment, and, hence, tend to show a strong desire for proximity with others (Mikulincer et 
al., 2003). Accordingly, dismissing and preoccupied individuals have been shown to score low and 
high on intrinsic motivation for affiliation, respectively (Schwartz et al., 2007). Individuals thus 
may recruit different behavioural strategies in social encounters, depending on their motivation 
for affiliation. 
Developmental research has revealed that 3-year-old children’s facial mimicry is predicted 
by their attachment patterns with primary caregivers. In particular, children characterized by 





anxious/preoccupied attachment tendencies showed enhanced facial mimicry to sad facial 
expressions, suggesting that individuals characterized by a high desire for affiliation recruit more 
affiliative behaviours (Vacaru et al., 2019). Given the long lasting effects of early attachment on 
affiliation motivations into adulthood (Cassibba et al., 2017), we hypothesized that attachment 
patterns would also predict adults’ facial mimicry, as means of affiliation. There is some evidence 
that adults with a dismissing attachment style display atypical mimicry by showing a smile-like 
response to angry faces, interpreted as a possible attempt to suppress negative emotion processing 
(Sonnby-Borgstrom & Jonsson, 2004). However, the scope of these findings was limited to 
dismissing attachment style within a small sample of only twelve participants. Furthermore, 
dismissing individuals’ facial reactions only differed from non-dismissing individuals after a 
prolonged exposure to the emotional stimuli (>2000ms). To address these shortcomings, our study 
aimed to examine the contribution of preoccupied-anxious and dismissing attachment to facial 
mimicry during adulthood with a considerably larger sample size. Additionally, we used continuous 
measures of attachment tendencies to best capture non-categorical individual differences within 
the general population. 
Taken together, affiliation goals affect adults' facial mimicry, but the mechanisms 
underlying this ubiquitous behaviour are poorly understood. Attachment tendencies affect an 
individual's intrinsic motivation for affiliation (Schwartz et al., 2007), and it has been proposed 
that this early relationship experience may drive individual differences in affiliative behaviours. To 
investigate these potential effects of attachment tendencies on facial mimicry in adulthood, this 
study assessed facial mimicry of happy, sad, and neutral facial expressions using EMG. Participants' 
attachment tendencies were assessed with a self-report questionnaire. We expected that adults 
would mimic happy and sad facial expressions by recruiting the corresponding muscles (i.e. an 
increase in the ZM activation and a decrease in the CS activation for happy and the opposite 
pattern for sad), while no differences in muscle activation were expected for neutral expressions. 
Furthermore, we hypothesized that individuals characterized by preoccupied attachment 
tendencies would show enhanced facial mimicry, in accordance with a strong desire for proximity 
(Lavy, Mikulincer, & Shaver, 2010). Likewise, dismissing attachment tendencies were hypothesized 
to lead to diminished facial mimicry, in line with these individuals’ tendency to disengage from 













A total of 100 participants (68 females; MAge = 24.54 years, SDAge = 3.90 years, range 18 to 35 
years) took part in the current study. Participants were recruited through the Radboud University 
online research registration system. An a priori power analysis conducted with G* Power software 
(Faul, Erdfelder, Lang, & Buchner, 2007) revealed a minimum sample size of 100 given an 
expected small to moderate effect (based on Vacaru, van Schaik, & Hunnius, 2019) and a statistical 
power of 95%. Participants were compensated with €10 or one study credit. The study was 
approved by the ethics committee of the Faculty of Social Sciences at at Radboud University 
(ECSW2016-0905-396) and was conducted according to the ethical standards of the Declaration 





Attachment was assessed with the Attachment Styles Questionnaires (ASQ; van Oudenhoven, 
Hofstra, & Bakker, 2003). The AQS is a self-report questionnaire assessing adults’ attachment 
styles on four continuous dimensions, namely secure (7 items), preoccupied (7 items), dismissing 
(5 items) and fearful (5 items). These 24 items are answered on a 5-point Likert scale (ranging from 
“strongly disagree” to “strongly agree”). The answers were scored from -1 to 1 (Hofstee & Ten 
Berge, 2004; Mosterman, 2015). 
 The choice for the ASQ was guided by its strong psychometric properties and validation 
with several samples, including a Dutch one (Bakker, van Oudenhoven, & van der Zee, 2004; 
Hofstra, 2009; Polek, van Oudenhoven, & ten Berge, 2011). Furthermore, the ASQ instrument 
was developed based on the Relationships Scale Questionnaire (RSQ; Griffin & Bartholomew, 
1994) with the aim to improve its psychometric properties. The ASQ has shown acceptable test-
retest reliability and good construct validity (Hofstra, van Oudenhoven, & Buunk, 2005). In our 
sample, the secure, the fearful, the dismissing and the preoccupied subscales yielded Cronbach’s 
alpha coefficients of .82, .84, .74 and .85 respectively, suggesting moderate to high internal 
consistency. The preoccupied and dismissing subscales were used in the analyses. 
 
EMG Paradigm and Stimulus Material 
To test facial responses, images of facial expressions of happy, sad and neutral emotions of 
nineteen White female models were selected from the Radboud Faces Database (Langner et al., 





2010). From each model one example of a happy, sad, and neutral expression was selected. Each 
stimulus was presented four times, resulting in a total of 228 trials. Pictures were presented in a 
pseudo-randomized manner. The presentation lists were prepared with MIX (van Casteren & 
Davis, 2006) with the following constraints: each model could not be presented more than once 
consecutively, and each emotion could not be presented more than twice in a row. 
 Each trial lasted 4000 ms and unfolded as follows: 1000 ms fixation cross, 2000 ms stimulus 
presentation and a 1000 ms inter-stimulus interval (see Figure 4. 1). With the onset of the fixation 
cross a brief, a short beep was played as an attention getter. Pictures were displayed on a 17’’ 
monitor (1280 x 1024 pixels) and watched from 60 cm distance. The experiment was programmed 
with Presentation software (Version 17.1, Neurobehavioral Systems, Inc., Berkeley, CA). 
 
Procedure 
Participants were welcomed in the lab and explained the procedure of experiment. The 
experimenter then cleaned the facial areas of the muscle sites of interest (CS, ZM; see Figure 4.1) 
and two additional areas for the ground electrodes on the forehead and the reference electrode on 
the mastoid bone behind the ear. The skin was cleaned using a scrubbing gel (Nuprep Skin Prep 
Gel), medical alcohol, and cleansing wipes. Moreover, a conductive OneStep clear gel was added 
to the already pre-gelled electrodes to improve impedances. Thereafter, the EMG electrodes were 
placed on the left side of the cheek, based on facial EMG guidelines by Fridlund and Cacioppo 
(1986). Once the electrodes were applied, the experimenter checked the impedances and the signal 
quality. When the signal quality was not within the 100 Hz range or impedances were too high 
(>10 ohm), more gel was added to the electrodes and the skin was further cleaned. Participants 
were instructed to simply look at the pictures on the screen. The experiment lasted approximately 
15 minutes. After the stimulus presentation, the electrodes were removed, and the participants 
were invited to fill in the attachment questionnaire. Finally, participants were debriefed, 
compensated, and thanked for their participation. 
 
EMG Recordings and Data Reduction  
EMG responses were measured with Brain Vision Recorder (GmbH., 2009). Disposable 4 mm 
Ambu-Neuroline 700 Ag/AgCl surface electrodes were used to record muscle activation with a 
bipolar configuration and 10 mm inter-electrode distance between their centres (Cacioppo, Petty, 
Losch, & Kim, 1986; Cacioppo, Tassinary, & Berntson, 2007). A sampling rate of 2500 Hz was 
used, and a low cut-off of 10 Hz and a high cut-off of 1000 Hz were applied.  
4
Th e Modulation of Facial Mimicry by Attachment Tendencies in Adulthood     |   81 
EMG data was pre-processed with Matlab (MathWorks, 2015). Trials were filtered using a 
band rejection filter of 50 Hz, 0.2 bandwidth and order 4. Next, an infinite impulse response (IIR) 
zero phase shift Butterworth filter with a low cut-off frequency of 20 Hz and high cut-off 
frequency of 500 Hz, order 8 was applied (De Luca, 2003). After the data pre-processing, the signal 
was rectified and artefact rejection on individual trials was conducted and trials with amplitudes ± 
3 SD from the mean amplitude of the trials of each subject were rejected. The mean number of 
trials for the happy condition was 54.95, for the sad condition 55.37, and for the neutral condition 
56.39. Thereafter, EMG data was standardized within participants and within muscle sites to 
reduce the impact of high values and allow comparisons across muscle sites (Dawson et al., 2000). 
Next, we performed the baseline correction by subtracting the baseline (1000 ms) mean activation 
from each data point of the window of interest (0-2000 ms). 
Figure 4.1 Schematic illustration of the study design and the position of the electrodes assessing 
the activation over the ZM and CS facial muscles.







Visual inspection of the data suggested a peak in amplitude between 100 ms and 400 ms across all 
conditions and muscles. This peak might represent a startle response, unrelated to the experimental 
conditions, as it has also been found in other previous studies (Dimberg & Peterson, 2003; Moody, 
McIntosh, Mann, & Weisser, 2007). Hence, data was analysed for the time window between 400 
ms and 2000 ms after stimulus onset. 
 To address the first hypothesis, namely that participants mimicked the facial expressions, 
the mean amplitude (400 ms - 2000 ms) for each muscle in each condition was calculated and 
further analysed in a 3 (Emotion: happy, sad, neutral) * 2 (Muscle: CS, ZM) repeated measures 
ANOVA with EMG activation as dependent variable. Planned paired samples t-tests were 
performed to test the hypothesis that the ZM activation is significantly higher than the CS in the 
happy condition and that the CS activation is significantly higher than the ZM in the sad condition. 
No significant difference between the two muscles were expected in the neutral condition. 
To test the second hypothesis, namely that dismissing and preoccupied attachment 
tendencies differently predict facial mimicry, we ran two hierarchical regression models, one with 
sad and one with happy mimicry as the dependent variable. In the first step, we tested the main 
effects of preoccupied and dismissing attachment, while in the second step we tested the 
interaction effect between preoccupied and dismissing attachment on facial mimicry. For these 
analyses, we computed a mimicry score by subtracting the CS mean activation from the ZM mean 
activation as an index for happy mimicry, and by subtracting the ZM mean activation from the CS 
mean activation as an index for sad mimicry. A positive score indicates happy and sad mimicry, 
respectively. Furthermore, we computed an interaction term between preoccupied and dismissing 
attachment tendencies (P X D), to test whether attachment tendencies interactively predict facial 
mimicry. First the predictors were centralized and then multiplied with each other. Additional 
analyses were performed with JASP 0.9.2 using a Bayesian approach to quantify evidence 
supporting our hypotheses. The Bayesian approach to hypothesis testing verifies the likelihood of 
the data under each hypothesis (i.e. both the null hypothesis and the alternative hypothesis). The 
Bayes Factor (BF) is the statistic that compares the probability of a set of observed data under two 
models. BF10 represents the odds for the alternative hypothesis, whereas 1/BF10 (i.e. BF01) 
represents the odds for the null hypothesis. Guidelines suggest that BF10 < 0.33 provides strong 
or ‘substantial’ evidence for the null hypothesis, BF10 > 3 provides strong evidence for the 
alternative hypothesis, and a BF between 0.33 and 3 provides only anecdotal support either way 
(Rouder & Morey, 2012).  
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Facial Mimicry  
Figure 4.2 illustrates the EMG signal of the CS and the ZM muscles in the happy, sad, and neutral 
conditions, respectively. The repeated measures ANOVA yielded a significant interaction between 
condition (happy, sad, neutral) and muscle (ZM, CS), F(2, 98) = 9.19, p < .001 , ɳp² = .16. The 
BF10 = 674.81, which, according to the guidelines (Jarosz & Wiley, 2014), represents decisive 
evidence for the alternative hypothesis. This value indicates that the statistical model including the 
condition per muscle interaction is 675 more likely than the null model, and thus that muscle 
activation differs across conditions. Further, a significant main effect of condition (F(2, 98) = 6.59, 
p = .002, ɳp² = .12; BF10 = 2.41) emerged, indicating differences in activation amongst the different 
emotions, whereas the main effect of muscle was not significant, F(2, 98) = 0.04, p = .841; BF10 = 
0.092. Planned comparisons were conducted with paired samples t-tests to investigate which 
muscle showed higher activation for each emotion. The results for the happy stimulus showed a 
significantly higher ZM mean activation (M = 0.008, SD = 0.05) compared to the CS mean 
activation (M = -0.064, SD = 0.31; t(99) = 2.18, p = .031; BF10 = 2.09), suggesting that the 
alternative hypothesis for happy mimicry is twice more likely than  the null hypothesis. For sad 
expressions, the CS mean activation (M = -0.024, SD = 0.15) was marginally significantly higher 
(t(99) = 1.95, p = .054; BF10 = 1.33) than the ZM (M = -0.008, SD = 0.05), suggesting positive, 
although weak, evidence for the alternative hypothesis for sad facial mimicry. Unexpectedly, the 
neutral condition revealed a significantly higher (t(99) = 3.19, p = .002; BF10 = 12.52) CS mean 
activation (M = 0.042, SD = 0.01) than the ZM mean activation (M = -0.009, SD = 0.03), lending 
substantial support to the alternative hypothesis that neutral expressions elicit a distinct profile of 
muscle activation resembling sad expressions. 
 
Attachment Tendencies and Facial Mimicry  
Two separate hierarchical regression analyses were conducted to investigate whether attachment 
tendencies (dismissing and preoccupied) predict facial mimicry responses to sad and happy 
expressions, respectively. Before performing the regression analyses, the predictors were 
standardized to avoid multicollinearity (Knight, 2018), and an interaction term was computed 
between preoccupied and dismissing attachment tendencies (P X D). The results revealed no 
significant main or interaction effects of attachment on happy nor sad facial mimicry. Frequentist 
and Bayesian results of the hierarchical regression analyses are summarized in Table 1. Altogether, 
these findings suggest moderate to strong evidence for the null hypothesis positing no relation 
between adult attachment and mimicry. 
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Figure 4.2 Time course of standardized EMG activation of the CS (orange) and ZM (blue) 
muscles, in response to happy, sad and neutral facial (2000 ms). The shadings around each line 
represent the standard error for each data point. 
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In the current study, we investigated the relation between adult attachment tendencies and 
affiliative behaviours though means of facial mimicry of emotional expressions. We hypothesized 
that individuals would mimic happy and sad facial expressions, and that their attachment tendencies 
would predict the extent to which they mimic, in line with previous developmental findings (Vacaru 
et al., 2019). Specifically, individuals with higher preoccupied attachment tendencies were expected 
to display enhanced facial mimicry, whereas individuals with higher dismissing tendencies were 
expected to show reduced facial mimicry. 
 We examined the EMG responses of the ZM and CS muscles in response to happy, sad, 
and neutral facial expressions. Consistent with our hypothesis, the inferential and frequentist 
analyses provided decisive evidence for differential muscle activation in response to different 
emotions. Evidence emerged that participants reacted with stronger ZM activation and lower CS 
activation in response to happy facial expressions and with the opposite muscle pattern to sad facial 
expressions, suggesting happy and sad facial mimicry. Although these specific effects were 
statistically significant, the evidence for happy and sad facial mimicry was weak, yet comparable to 
previous findings using similar methods (e.g. Lundqvist & Dimberg, 1995; Vacaru et al., 2019), 
warranting some caution in the interpretation of these findings.  
Facial EMG studies differ in the type of stimuli used to elicit mimicry. In this study, we 
used prototypical standardized stills of emotional facial expressions (Radboud Faces Database, 
Langner et al., 2010). The face carries a wealth of social information, for instance through head 
orientation, gaze direction, or intensity of an expressed emotion. These different aspects have 
implications for emotion perception and attention to specific facial cues (e.g. Loomis, Kelly, Pusch, 
Bailenson, & Beall, 2008). This is why we chose a standardized stimulus set from an established 
database. It is thus possible that the stimuli look less genuine and are less ecologically valid. Some 
studies suggest that dynamic facial expressions induce more mimicry than static stimuli (e.g. Sato, 
Fujimura, & Suzuki, 2008; Rymarczyk, Zurawski, Jankowiak-Siuda, & Szatkowska, 2016). Likewise, 
the genuineness of an expression influences the extent to which this is mimicked (Krumhuber, 
Likowski, & Weyers, 2014; Maringer, Krumhuber, Fischer, 2011). Our findings regarding happy 
and sad facial mimicry are nevertheless comparable to previous findings (e.g. Likowski et al., 2007; 
Lundqvist & Dimberg, 1995; Vacaru et al., 2019) and provide evidence for mimicry in standardized 
circumstances.  
Different studies employed different methods to standardize the EMG signal to allow for 
meaningful comparisons across muscles and conditions. A comprehensive overview of EMG 
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methodologies exceeds the scope of this paper, but the two most commonly used methods are the 
standardization within muscle and condition to z-scores and percentage change scores. In this 
study, we chose to use z-score transformations that have the advantage of bringing the muscle 
activation from different sites (CS, ZM) on the same scale and as such allow direct comparisons 
across muscles (e.g. Geangu et al., 2018; Hess & Blairy, 2001; Oberman et al., 2009; Vacaru et al., 
2019). Another advantage of this method is that it can control for individual differences in EMG 
amplitudes (caused by e.g. muscle morphology, gender). However, one disadvantage is that it may 
also lead to a reduction of experimental effects of individual differences (i.e. attachment) and group 
differences (Bush, Hess, & Wolford, 1993). Here, the decision for Z-scores to compare muscles 
and account for muscle morphology differences yielded a conservative measure of facial muscle 
activation. 
 Unexpectedly, we found an EMG activation profile for neutral expressions resembling the 
response for sad, suggesting thus that neutral facial expressions might have been evaluated as 
having a negative valence, potentially due to their ambiguity (Phillips & Allen, 2004). The increased 
CS activation to neutral faces thus might have been a frown due to the cognitive load when 
interpreting the stimulus (Lishner, Cooter, & Zald, 2008; van Boxtel, Damen, & Brunia, 1996). Past 
evidence has revealed CS activity for neutral faces similar to other negative expressions (i.e. disgust, 
anger; Künecke, Hildebrandt, Recio, Sommer, & Wilhelm, 2014; Vrana & Gross, 2004).  
 Next, we examined whether preoccupied and dismissing attachment tendencies predicted 
mimicry responses to happy and sad faces. The analyses revealed no significant associations 
between preoccupied and dismissing attachment and facial mimicry of happy and sad expressions. 
On the contrary, the results of our Bayesian analyses lend moderate to strong evidence in favour 
of the null hypothesis, indicating that participants’ attachment was not related to their facial 
mimicry of others’ facial emotional expressions.  
Attachment tendencies can be seen as a proxy for affiliation motivation that can lead to 
differences affiliative behaviours, such as in how individuals mimic another person’s facial 
expressions. Previous work with children indeed showed that attachment tendencies modulate 
facial mimicry of emotional facial expressions (Vacaru et al., 2019). Our findings thus raise 
important questions about the role of attachment for the modulation of affiliative behaviours 
throughout the lifespan. While children have relatively few social partners and have their parents 
fulfil attachment functions most often, adults’ social-emotional life is richer and more diverse. 
Thus, other factors might have a stronger impact on affiliative mimicry behaviours in adults, such 
as social status (Bourgeois & Hess, 2008) or attractiveness of the model (Karremans & 
Verwijmeren, 2008; for a review see Hess & Fischer, 2016).  








































The findings of our study differ from two previous studies that did report evidence for an 
association between adult attachment and mimicry (Hall et al., 2012; Sonnby-Borgstrom & Jonsson, 
2004). However, these studies point to this relationship being present only under specific 
circumstances. For instance, Hall and colleagues (2012) examined the impact of attachment, in 
combination with attractiveness, on mimicry of opposite-sex models only. Sonnby-Borgstrom and 
Jonsson (2004) also assessed attachment tendencies, in combination with emotional empathy, and 
reported generally more positive affect (indexed only by zygomaticus muscle activation) 
irrespective of the emotion observed, in a small sample of dismissing individuals, compared to the 
rest of the sample. Taken together, this evidence (Hall et al., 2012; Sonnby-Borgstrom & Jonsson, 
2004) remains inconclusive with respect to the specific effect of attachment on mimicry behaviours.  
Our study instead presents EMG findings based on a large sample (N= 100) compared to 
previous facial mimicry studies (e.g. N = 61 in Sonnby-Borgstrom & Jonsson, 2004; N = 25 in 
Likowski, Muhlberger, Seibt, Pauli, & Weyers, 2008; N = 68 in Olszanowski, Wrobel, & Hess, 
2020; etc.). This large sample allowed us to not only replicate the phenomenon of mimicry, but 
also provide convincing evidence that attachment does not modulate adults’ affiliative behaviours 
as manifested in facial mimicry.  
It is important to note that in our study, we assessed attachment tendencies in the non-
clinical range, and clinically relevant attachment insecurity may still affect adults’ behaviours to 
achieve affiliation goals. In accordance with this, Ardizzi and colleagues (2013, 2016) demonstrated 
that older children and adolescents with a story of maltreatment show altered facial mimicry 
responses to positive and negative expressions. One future research avenue could be the 
investigation the modulatory role of early attachment on affiliative behaviours in developing 
population with subclinical and clinical attachment patterns. 
In conclusion, this study provides strong evidence that adult attachment does not 
contribute to the modulation of social affiliative behaviours through means of facial mimicry, in 
contrast to previous findings on young children (Vacaru et al., 2019). These results indicate that 
attachment in adults may not be a strong determinant of social affiliative behaviours. With these 
findings in mind, follow-up research is needed to understand the contribution of attachment to 
social affiliations across the lifespan. 
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As early as 5 months of age, infants mirror other’s emotional facial expressions. Facial mimicry 
(FM) is the tendency to copy another’s emotions and is thought to be implicated in empathic 
processes. Additionally, adults display congruent facial responses (CFR) to others’ emotions not 
only when the expression is visible, but also when their emotion can only be inferred from the 
context. We tested whether different empathic processes relate to facial reactions to others’ 
emotions in 3- and 6-year-olds and in adults: affective empathy (i.e. experiencing and sharing 
others’ emotions) was hypothesized to underlie facial mimicry, and cognitive empathy (i.e. inferring 
another’s emotions in a given context) CFR. Facial reactions to happy, pain and disgust videos 
were assessed via electromyography (EMG) in a face-based condition and in a context-based 
condition. Empathy was assessed via questionnaires. Results showed that 3- and 6-year-olds and 
adults displayed happy facial mimicry, while only adults showed happy CFR, but no relations were 
found with affective or cognitive empathy. Facial mimicry and CFR findings were mixed for pain 
and disgust stimuli. Altogether, this study suggests an important role of facial input in eliciting 
affective facial responses during childhood, while adults can solely rely on contextual cues. 















Humans use a vast repertoire of interpersonal skills to engage in social interactions. For instance, 
the tendency to mirror another person’s emotions, termed facial mimicry (FM; Dimberg, 1982; 
Geangu, Quadrelli, Conte, Croci, & Turati, 2016), is a crucial aspect of face-to-face interactions 
(Hess & Fischer, 2014, 2016). This subtle social cue, which is rapid and often almost imperceptible 
to the naked eye (Cacioppo, Petty, Losch, & Kim, 1986; Tassinary & Cacioppo, 1992), is thought 
to play an important role in the development of social cognition, as it allows individuals to share 
affect and facilitate emotional understanding (Hess & Fischer, 2016; Moody, McIntosh, Mann, & 
Weisser, 2007). Empirical studies in which participants were blocked from mimicking (e.g. holding 
a pen in the mouth or Botox injections) have shown that impaired facial mimicry leads to slower 
or less accurate emotion recognition (Neal & Chartrand, 2011; Niedenthal, Brauer, Halberstadt, & 
Innes-Ker, 2001). Additionally, Stel and colleagues (2008, 2010) found that when individuals mimic, 
they report feelings similar to the ones they the observed. Hence, facial mimicry has been linked to 
empathic processes (Bavelas, Black, Lemery, MacInnis, & Mullett, 1986; de Waal & Ferrari, 2010; 
de Wied, van Boxtel, Zaalberg, Goudena, & Matthys, 2006; Dimberg, Andréasson, & Thunberg, 
2011; Drimalla, Landwehr, Hess, & Dziobek, 2019; Hess & Fischer, 2013; Iacoboni, 2009; Sonnby-
Borgström, Jönsson, & Svensson, 2003). 
Relatedly, adults mirror another person’s pain facial expression when the person 
experiences the injection of a needle in the arm, but what is more remarkable, similar facial 
responses were shown solely to the observation of the  needle injection without access to the 
individual’s facial expression of pain (Sun, Wang, Wang, & Luo, 2015). These findings illustrate 
that one mirrors the emotion felt by another not only when the emotion is expressed through facial 
cues, but also when it is conveyed through different channels, and that even the situational context 
alone suffices to elicit a congruent emotional expression in the observer (Addabbo, Vacaru, Meyer, 
& Hunnius, 2019; Dimberg & Karlsson, 1997; Hietanen, Surakka, & Linnankoski, 1998; Soussignan 
et al., 2013). In a nutshell, while the congruent facial response to another’s emotional facial 
expression represents an example of facial mimicry (FM), the congruent facial response to another’s 
emotion, expressed through situational cues, other than the facial expression, represents an 
example of, what we call, congruent facial response (CFR).   
Developmentally, facial mimicry is an early emerging behaviour, with one study suggesting 
that infants mimic positive and negative facial expressions by 5 months of age (Isomura & Nakano, 
2016). Yet, these infants were found to respond with a congruent emotion only when the stimuli 
featured multiple cues (auditory and visual), but not when these were presented via either the 
auditory (i.e. cry or laughter sound) or visual modality alone (i.e. crying or laughing facial 
expression). Soon after, by 7 months of age, infants also mimic facial expressions after unimodal 
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visual presentation (Kaiser, Crespo-Llado, Turati, & Geangu, 2017). While an extensive body of 
research has provided evidence for facial mimicry in infancy (Datyner, Henry, & Richmond, 2017; 
Isomura & Nakano, 2016; Kaiser et al., 2017), childhood (de Wied et al., 2006; Deschamps, Coppes, 
Kenemans, Schutter, & Matthys, 2015; Deschamps, Schutte, Kenemans, Matthys, & Schutter, 
2012; Geangu et al., 2016), adolescence (Van der Graaff et al., 2016), and adulthood (Hess & 
Fischer, 2013, 2016; McIntosh, 2006; Niedenthal et al., 2001), virtually no studies investigated the 
mirroring of emotions without access to the facial expression while relying on contextual cues (i.e. 
CFR), throughout development. By testing developmental samples at different ages, we can 
investigate how the emerging empathic skills support the development of affective facial responses 
during childhood. One such proposed mechanism is empathy and specifically its cognitive facet. 
Importantly, we suggest that displaying CFRs may rely on the capacity to understand that a given 
situation elicits a specific emotion, and hence the capacity to infer others’ mental affective states in 
a given context. 
Empathy is a multidimensional construct and has been suggested to encompass an affective 
and a cognitive component (de Waal, 2008; Decety, Meidenbauer, & Cowell, 2018;  Shamay-
Tsoory, Aharon-Peretz, Brain, & 2009). Affective empathy entails the ability to experience and 
share another’s emotions and emerges within the first year of life and develops during early years 
(Decety, 2011; Decety & Svetlova, 2012), while cognitive empathy entails the capacity to take the 
perspective of another person’s emotions and emerges around the age of five (Baron-Cohen & 
Wheelwright, 2004; Decety & Moriguchi, 2007; Hinnant & O’Brien, 2007; Shamay-Tsoory, 2011). 
Primarily adult studies have found an association between empathy and facial mimicry (Balconi & 
Canavesio, 2016; Dimberg et al., 2011; Drimalla et al., 2019; Rymarczyk, Żurawski, Jankowiak-
Siuda, & Szatkowska, 2016; Sonnby-Borgström et al., 2003; Sonnby–Borgström, 2002). More 
specifically, a relation was found between affective empathy and facial mimicry (Sun et al., 2015; 
Van der Graaff et al., 2016), while an indirect effect was found between cognitive empathy and 
facial mimicry, mediated by affective empathy (Van der Graaff et al., 2016). On the contrary, no 
evidence for a relation between affective empathy and facial mimicry was found in pre-schoolers 
(Datyner, 2015). Hence, whereas adult research suggests a link between affective empathy and facial 
mimicry, the relation between CFR with cognitive empathy is unknown as is the development of 
the relation between empathy and facial reactions to others’ affective states. Here, we hypothesized 
that different aspects of empathy might be related to the different facial reactions to others’ 
emotions: while affective empathy (i.e. experiencing and sharing other’s emotions) may underlie 
facial mimicry, as documented in previous studies mentioned above, cognitive empathy (i.e. 
inferring another’s emotions in a given situation) may instead support the emergence of CFR. 





Accordingly, the general capacity to mirror others’ emotional states may follow the developmental 
trajectory of empathy. In other words, whereas young babies show facial mimicry of others’ 
emotions (Datyner, 2015; Datyner et al., 2017; Kaiser et al., 2017), and this is possibly related to 
affective empathy that emerges throughout the first year of life, with increased cognitive 
competences they may also mirror others’ emotions just from inferring it from the context just as 
adults (Sun et al., 2015). 
Bearing in mind the aforementioned, we investigated the others’ emotions when the facial 
expression was visible (FM) and when the emotion could only be inferred from contextual cues 
(CFR). Furthermore, we assessed the relation of FM and CFR with affective and cognitive empathy, 
respectively. To this end, we tested three samples: preschoolers (3-year-olds), school-aged children 
(6-year-olds) and adults. We chose these age groups considering that by 3 years of age, children 
display facial mimicry (Geangu et al., 2016; Vacaru, van Schaik, & Hunnius, 2019) and have already 
developed affective (Schwenck et al., 2014), but not yet cognitive empathy, while by 6 years of age, 
children have acquired both affective and cognitive empathy (Rieffe, Ketelaar, & Wiefferink, 2010). 
An adult sample was tested to replicate earlier findings of FM and CFR (Sun et al., 2015) and their 
relations with empathy (Sun et al., 2015; Van der Graaff et al., 2016).  
To assess FM and CFR, we recorded video stimuli with an actress in different emotion-
eliciting situations whose facial expression was either visible or occluded. While participants were 
watching the stimuli, their FM and CFR were measured via facial electromyography (EMG), 
recording subtle facial muscle activation in response to happy, pain and disgust emotion videos. 
These emotions were chosen in light of previous evidence for happy (Datyner, 2015; Datyner et 
al., 2017; Geangu et al., 2016), pain (Bavelas et al., 1986; Sun et al., 2017, 2015) and disgust facial 
mimicry (Hildebrandt et al., 2018; Oberman, Winkielman, & Ramachandran, 2009; Vrana, 1993), 
and due to anatomically distinct muscle regions activation. Accordingly, for happy we expected an 
increase in the zygomaticus major (ZM) and a decrease in the corrugator supercilii (CS; Datyner et 
al., 2017; Geangu et al., 2016; Kaiser et al., 2017), for pain we expected an increase in the CS and a 
decrease in the ZM  Sun et al., 2015), and for disgust we expected an increase in the levator labii 
superioris muscle region (LLS) and a decrease in the ZM (Hühnel, Kuszynski, Asendorpf, & Hess, 
2018; Kordsachia, Labuschagne, Andrews, & Stout, 2018; Seibt, Mühlberger, Likowski, & Weyers, 
2015; Oberman, Winkielman, & Ramachandran, 2007; Vrana, 1993; Zwick & Wolkenstein, 2017).  
We hypothesized that adults would display both FM and CFR by showing muscle activation 
congruent to the observed emotion. Likewise, we expected 6-year-olds to display FM and CFR, 
given their expected cognitive empathy. In contrast, we hypothesized that 3-year-olds, who were 
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Thirty-four adults (MAge = 24.17 years, SDAge = 7.31, 19 females) were recruited via the University 
system. Participants provided written informed consent. The study was approved by the Ethical 
Committee of the Faculty of Social Sciences at Radboud University (ECSW2016-0905-396). Upon 
completion of the experiment, a compensation of 5 Euros or 0.5 study credits was offered.  
 
Children  
Seventy-eight children (3-year-olds: N = 41, 15 girls, MAge = 36.28 months, SDAge = 0.42; 6-year-
olds: N = 37, 16 girls, MAge = 70.59 months, SDAge = 3.59) were recruited from a database of 
volunteer families at the Baby and Child Research Center, Radboud University, Nijmegen, The 
Netherlands. Eleven children were excluded from the data analyses due to technical errors (N = 2: 
3-year-olds), refusal of electrode application (N = 4: 3-year-olds; N = 1: 6-year-olds), and noisy 
EMG data (N = 3: 3-year-olds; N = 1: 6-year-olds). The final sample consisted of 67 children (N 
= 32: 3-year-olds and N = 35: 6-year-olds). All parents gave written informed consent, and families 
received a small gift or 10 euros for their participation. The experimental protocol was approved 
by the Ethical Committee of the Faculty of Social Sciences at Radboud University (ECG2012-
1301-006) and was conducted according to the ethical guidelines of the Declaration of Helsinki.  
 
Stimuli 
Soundless videos of an actress involved in happy, disgusting and painful scenarios were shown in 
two within-participant conditions: one where the corresponding facial expression was visible (facial 
expression-based condition; FM) and one where the face was blurred preventing access to the facial 
expression (context-based condition; CFR). Happy scenarios featured the actress receiving a cake or a 
gift, pain scenarios featured the actress’ arm being poked with a pencil or a box of books falling on 
her hand, while disgust scenarios featured the actress being fed soap or smelling a sock. Example 
stills from the happy, pain and disgust scenario in both conditions is shown in Figure 5.1. Informed 
consent was given by the model for the on-line open-access publication of this image containing 
identifiable information. 
Each participant saw each emotion twice in a counterbalanced manner: one scenario in the 
FM condition and the other scenario in the CFR condition. Hence, participants saw six unique 





scenarios, repeated six times for the children (i.e. 36 trials in total) and 12 times for the adults (i.e. 
72 trials in total) in a pseudorandomized order. Each trial started with a fixation cross (1000 ms), 
followed by a baseline featuring the actress in a neutral pose (2000 ms), the build-up of the 
emotional situation (varied between 920-5440 ms for the different scenarios), facial emotional 
expression (blurred in CFR condition; 2000 ms), and inter-trial interval (ITI) consisting of a grey 
screen (500-1000 ms, jittered). An illustration of the study design is provided in Figure 5.2. Stimuli 
were presented with the Presentation® software on a 17’’ monitor (1280 x 1024 pixels) from 60 
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Figure 5.1 Example of a happy, pain and disgust trial in the FM and CFR conditions, showing a 
2000 ms baseline, a variable action build-up and 2000 ms of the unfolding of the facial expression.
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Figure 5.2 An example trial sequence (happy, disgust, pain) in the FM and CFR condition, 
preceded by a fixation cross and succeeded by an inter-trial interval (ITI). The electrodes 
configuration placement on the zygomaticus muscle (ZM, index for happy), corrugator supercilii 
(CS, index for pain), levator labii superioris (LLS, index for disgust), the ground on the forehead, 
and the reference electrode on the mastoid bone behind the ear.  
EMG Recordings and Data Reduction 
EMG responses were measured with Brain Vision Recorder (GmbH., 2009). Paediatric disposable 
4 mm Ambu-Neuroline 700 Ag/AgCl surface electrodes were used to record facial responses on 
the left side of the face with a bipolar configuration and 10 mm inter-electrode distance between 
their centres (Cacioppo et al., 1986; Cacioppo, Tassinary, & Berntson, 2007). The Ground and 
Reference electrodes were attached on the forehead (below the hair line) and above the mastoid 
bone (behind the ear), respectively. The standard procedures for muscle site preparation and 
placement were followed (Tassinary, Cacioppo, & Geen, 1989). The skin was cleaned using Nuprep 
Skin Prep Gel and baby cleanser. The conductive gel OneStep clear gel was added to the already 
pre-gelled electrodes to improve impedances (< 10 ohm). The sampling rate was 2500 Hz with a 
cut-off between 10-1000 Hz.
EMG data was pre-processed with Brain Vision Analyzer 2.1 (GmbH., 2009). The EMG 
signal was filtered using a band rejection filter of 50 Hz, 0.2 bandwidth, order 4. Next, an infinite 
impulse response zero phase shift Butterworth filter with a cut-off frequency between 20-500 Hz, 
order 8 was applied (De Luca, 2003). After the data pre-processing, artefact rejection based on 
visual investigation of the EMG signal was conducted. Out of 12 trials, adults contributed on 
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average 10.55 (SD = 2.23) and 10.44 (SD = 2.50) trials for happy, 10.38 (SD = 2.36) and 10.17 (SD 
= 3.04) for disgust, and 10.52 (SD = 2.45) and 10.52 (SD = 2.23) for pain, in the face and the 
faceless condition, respectively. Out of a total of 6 trials, 3-year-old children contributed on average 
4.97 (SD = 1.61) and 4.81 (SD = 1.67) trials for happy, 4.94 (SD = 1.50) and 5.16 (SD = 1.46) for 
disgust, and 4.69 (SD = 1.49) and 4.94 (SD =1.31) for pain, in the face and the faceless condition, 
respectively. Furthermore, 6-year-old children contributed on average 5.57 (SD = 1.01) and 5.68 
(SD = 0.63) trials for happy, 5.28 (SD = 1.40) and 5.74 (SD = 0.56) for disgust, and 5.54 (SD = 




Empathy was measured with the Interpersonal Reactivity Index (Pulos, Elison, & Lennon, 2004). 
This questionnaire consists of 4 subscales (fantasy, perspective taking, empathic concern, personal distress) 
with a total of 28 items on a 5-point Likert scale (ranging from 0 “does not describe me well” to 4 
“describes me very well”). For the purpose of this study, only perspective taking and empathic concern 
were analysed as a proxy of cognitive and affective empathy, respectively (De Corte et al., 2007). 
The subscale perspective taking evaluates the ability to determine another person’s feelings and take 
their perspective, whereas empathic concern assesses one’s feelings of compassion for others and 
emotion sharing. Internal consistency revealed Cronbach’s α = 0.63 for perspective taking and α = 
0.80 for empathic concern.  
 
Children  
The parent-report empathy questionnaire (EmQue; Rieffe et al., 2010; Veiga, Neto, & Rieffe 2016) 
was used to assess children’s empathy. The EmQue contains 20 items on a 3-point Likert scale 
(ranging from 1 “never” to 3 “often”) that belong to 3 subscales: emotion contagion, prosocial actions, 
and attention to others’ feelings. Only the first two subscales were analysed here. Emotion contagion was 
used as a proxy of affective empathy that develops within the first year of life and indicates the 
phenomenon of expressing a congruent emotion to another’s emotions (Decety & Jackson, 2004). 
The subscale prosocial actions was used as a proxy of cognitive empathy, as it entails emotion 
recognition, understanding and prosocial behaviours, and was found to correlate positively with 
theory of mind abilities and age (Rieffe et al., 2010). Internal consistency revealed Cronbach’s α = 
0.64 for emotion contagion and α = 0.72 for prosocial actions.  
 
 







Participants were welcomed in the lab, where the study was explained to them. First, the facial areas 
of interest were cleaned with scrubbing gel and medical alcohol. After, the electrodes were placed 
on the left side of the face. Participants were instructed to look at the videos on the screen. After 
the experiment, the electrodes were removed, and the participants filled in the empathy 
questionnaire. Finally, participants were debriefed and compensated. The experiment lasted 
approximately 30 minutes. 
 
Children  
After children had become familiar to the lab, an experimenter asked the children whether they 
liked to play with stickers and showed several cartoon characters (e.g. Mickey Mouse) printed on 
an A4 sheet with rectangles on the characters' faces corresponding to the electrodes position. 
Children played with the stickers and attached these on the character’s face. After, the experimenter 
asked the child to sit in front of a screen (60 cm distance) and explained that they would also receive 
stickers (i.e. the electrodes) on their face in the same spots as the rectangles in the cartoon sheet. 
Children were instructed to look at the screen in silence and the experiment started. A mickey 
mouse image on the screen could be used as an attention grabber whenever children got distracted 
to redirect their visual attention to the screen. The experiment was interrupted if the child became 
fussy and/or did not want to continue. Consequently, the electrodes were removed and the face 




Adult and children EMG data were processed in identical ways. EMG data was segmented in 100 
ms bins, resulting in 20 bins for the baseline and 20 for the window of interest. EMG data was 
standardized within participants and within muscles to allow comparisons across different muscle 
sites (Dawson et al., 2000). Thus, each bin was standardized by subtracting from each value the 
mean activation and dividing it by the standard deviation of all the bins. After, we calculated the 
mean of the baseline bins and performed the baseline correction by subtracting the baseline mean 
activation from each 100 ms bin of the time window of interest. Next, we calculated the mean 
activation of the whole 2000 ms time-window of each muscle in each condition.  
We tested adults’ facial responses to happy, pain and disgust emotions with a 3 (Emotion: 
happy, pain, disgust) * 3 (Muscle: ZM, CS, LLS) * 2 (Condition: FM, CFR) repeated measures (RM) 
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ANOVA. Children’s facial responses to happy, pain and disgust emotions were tested with a 3 
(Emotion: happy, pain, disgust) * 3 (Muscle: ZM, CS, LLS) * 2 (Condition: FM, CFR) * 2 (Age: 3-
year-olds, 6-year-olds) RM ANOVA. Next, planned paired samples t-tests assessed whether the 
happy emotion elicited higher ZM compared to CS muscle activation, whether the pain emotion 
elicited opposite muscle activation, and whether the disgust emotion elicited higher LLS compared 
to ZM muscle activation.  
Next, we calculated a composite EMG score (de Klerk, Hamilton, & Southgate, 2018; 
Deschamps et al., 2015; Vacaru et al., 2019) for each emotion in each condition as the difference 
scores between ZM and CS for happy, CS and ZM for pain, and LLS and ZM for disgust. A positive 
score corresponds to a congruent emotional response, and these were correlated with affective and 
cognitive empathy scores to investigate the relations between facial responses and empathy. 
Furthermore, we explored differences in affective and cognitive empathy across the two age groups 
to test whether 6-year-olds score higher on cognitive empathy compared to 3-year-olds, while no 
significant differences were expected for affective empathy. 
Results 
Adults 
Facial Responses to Emotional Videos  
Figure 5.3 displays the standardized mean EMG response for each muscle in each condition.  The 
Mauchly’s test was conducted to test the sphericity assumption of the EMG activity. Results 
revealed that sphericity of our data can be assumed with variances of differences not being 
significantly different (χ2(9) = 5.72, p = 0.768). Results from the RM ANOVA revealed a significant 
muscle by emotion interaction, F(4, 30) = 9.13, p < .001, ɳ² = .28, suggesting selective muscle 
activation for distinct emotions. To examine whether adults’ facial reactions differed across the 
two conditions (FM, CFR), we tested the interaction between muscle, emotion and condition. The 
results revealed a significant interaction, F(4, 30) = 2.90, p = .024, ɳ² = .08., suggesting differences 
in muscle activation for each emotions between the two conditions. Planned paired samples t-tests 
with Bonferroni correction for multiple comparisons (significance level was set at p < .008) were 
performed to compare the mean muscle activation between the corresponding and the non-
corresponding muscle for each emotion and within each condition. As hypothesized, the results 
revealed that adults displayed happy FM and CFR, but only pain CFR and no indication of pain 
FM. Disgust emotions instead elicited unspecific muscle activation in both conditions, revealing 
no clear facial expression. The test values are reported in Table 5.1.   
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Figure 5.3 Box plots illustrating adults’ standardized mean EMG activation in the ZM (red), CS 
(blue) and the LLS (yellow) muscles in response to happy, pain and disgust emotions, when the 
facial expression was visible (FM) and when it was occluded (CFR). The ‘x’ indicates the mean, the 
bar inside the box indicates the median, the bottom and the upper parts of the box indicate the 
first and the third interquartile, whereas the lowest and the higher extremities of the whiskers 
indicate the lowest and the highest values, respectively. Significance level was set at p<.05 (two-
tailed): *p < .05, ns = non-significant.
Table 5.1. Adults facial EMG standardized activation
Emotion Muscle FM CFR


















LLS -.02 (.85) -.01 (.80)
Note. Means (M) and standard deviations (SD) of the standardized EMG activation in the ZM, CS and 
LLS muscles in response to happy, pain and disgust emotions, in the face (FM) and the faceless (CFR) 
conditions. T-test, p-significance probability set at p < .008 and Cohen’s d effect size values of paired 
samples of the congruent and incongruent muscle activation for each emotion are reported.
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Facial Responses to Emotional Videos 
Figure 5.4 displays the standardized mean EMG response for each muscle in each condition for 3- 
and the 6-year-olds, separately. The Mauchly’s test was conducted to test the sphericity assumption 
of the EMG activity. Results revealed that sphericity of our data can be assumed with variances of 
differences not being significantly different (χ2(9) = 12.34, p = 0.195) .the RM ANOVA revealed a 
significant interaction between muscle and emotion, F(4, 62) = 2.91, p = .022, ɳ² = .04, indicating 
muscle activation specificity for each emotion. Next, the interaction between muscle, emotion and 
condition was not significant, F(4, 62) = 1.22, p = .301, and neither was the interaction between 
muscle, emotion and condition with age, F(4, 62) = 1.72, p = .144. Planned comparisons were 
performed with paired samples t-tests, and Bonferroni correction for multiple comparisons was 
applied (significance level was set at p < .008). The results revealed happy FM, but no indication 
of CFR in 3- nor 6-year-olds. No significant pain and disgust reactions were found for the 3– and 
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Figure 5.4 Box plots illustrating the children’s (upper plot: 6-year-olds; bottom plot: 3-year-olds) 
standardized EMG mean activation in the ZM (red), CS (blue) and the LLS (yellow) muscles in 
response to happy, pain and disgust emotions, when the facial expression was visible (FM) and 
when it was occluded (CFR). The ‘x’ indicates the mean, the bar inside the box indicated the 
median, the bottom and the upper parts of the box indicate the first and the third interquartile, 
whereas the lowest and the higher extremities of the whisker indicate the lowest and the highest 
values, respectively. Significance level was set at p<.05 (two-tailed): *p < .05, ns = non-significant. 
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Empathy and Facial Responses 
To investigate the relation between empathy and facial responses, we first examined whether 3-year-olds 
and 6-year-olds differed with regard to affective and cognitive empathy. The results from the repeated 
measure ANOVA revealed a significant empathy (Affective, Cognitive) by age (3-year-olds, 6-year-olds) 
interaction F(1, 63) = 8.42, p = .005, ɳ² = .12 (Figure 5). Surprisingly, the independent samples t-test 
revealed a significant difference between 3- (M = 1.66, SD = .35) and 6-year-olds (M = 1.43, SD = .28) 
in affective empathy (t(63) = 2.78, p = .007). Unexpectedly, no significant differences were found in 
cognitive empathy (t(63) = -1.28, p = .20) between 3- (M = 2.03, SD = .38) and 6-year-olds (M = 2.17, 
SD = .49). Facial responses to happy, pain and disgust emotions were calculated as difference scores 
between the correspondent muscle and the non-correspondent muscle (i.e. ZM – CS for happy). Results 
revealed no significant associations were found between CFR and cognitive empathy for the 6-year-olds 
(all ps > .22), and between FM and affective empathy (all ps > .11) for the 3-year-olds. 
Figure 5.5 The plot illustrates the means and standard errors of affective (in blue) and cognitive (in red) 
empathy at the age of 3 and 6 years. Significance level was set at p<.05 (two-tailed): *p < .05, ns = non-
significant
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This study investigated the development of CFRs to scenarios displaying emotion-evoking situations 
(happy, pain, and disgust) with the facial expression either occluded and FM responses with the facial 
expression visible. Furthermore, we examined whether cognitive empathy contributes to the emergence 
of CFR in three age groups following the cognitive empathy developmental trajectory: before (i.e. 3-
years-olds) and after (i.e. 6-year-olds) cognitive empathy should have emerged and a sample of adults as 
a benchmark. We also examined the relation between affective empathy and FM, as has been previously 
found in adults (Sun et al., 2015; Van der Graaff et al., 2016). It was hypothesized that 3-year-old children 
would display FM based on previous evidence (e.g. Isomura & Nakano, 2016; Kaiser et al., 2017), but 
not yet CFR, and that these responses would be related to affective empathy. Six-year-old children, on 
the other hand, would display CFR in addition to FM, and we expected these responses to be enabled by 
cognitive empathy. Further, we hypothesized that adults would show both FM and CFR, as previously 
documented (Sun et al., 2015).  
Regarding the happy stimuli, our EMG results revealed that adults displayed emotionally 
congruent facial expressions both when the facial expression was visible (FM) and when the emotion 
could only be inferred from contextual cues (CFR), replicating previous findings (Sun et al., 2015). 
Interestingly, both 3- and 6-year-old children showed congruent facial expressions only when the facial 
expression was accessible, in line with the FM literature (Geangu et al., 2016; Isomura & Nakano, 2016). 
Although we expected that 6-year-olds would also show CFR due to their more advanced cognitive 
perspective-taking abilities, our findings did not support this. Indeed, we found no relations between FM 
and affective empathy or CFR and cognitive empathy for children and adults. 
Next, our EMG results revealed inconsistent congruent facial responses to pain videos and 
undifferentiated responses to disgust videos. None of the age groups displayed FM to pain expressions. 
While as for the CFR to pain, results revealed a pain facial response in adults, but not in children. 
Responding to the pain context but not the facial expression opens the reflection over the genuiness of 
the pain facial expression. It could be the case that the prototypical pain facial expression used in our 
study might not have been genuine enough to elicit a correspondent facial expression in the observer. 
Accordingly, some evidence suggested that genuiness influences the extent to which individuals mimic 
facial expressions (Krumhuber, Likowski, & Weyers, 2014). Furthermore, pain is not a universal emotion, 
like happy for example (Ekman, 1992), hence the context information may be especially informative. 
Therefore, when the salience of the video is on the context, a congruent emotional response is found, 
but when the salience is on the facial expression instead facial reactions are not present. While this is a 
posthoc speculation, evidence is needed to corroborate this view, by using facial EMG and eye tracking 
measures jointly.  





Previous adult studies that found evidence for pain facial reactions used strong emotion-
portraying videos, such as injured body parts (Avenanti, Bueti, Galati, & Aglioti, 2005; Lamm et al., 2008; 
Sun et al., 2015). Yet, several studies that used pain prototypical facial displays (Mailhot, Vachon‐
Presseau, Jackson, & Rainville, 2012; Reicherts, Gerdes, Pauli, & Wieser, 2013; Reicherts et al., 2012) 
found no evidence for FM in response to painful facial expressions. In our study, we aimed at integrating 
a prototypical painful facial expression and a simple emotion-triggering context, however considering our 
young sample, we did not use strong emotional cues (e.g., injuries or needles). Furthermore, Reichert and 
colleagues (Reicherts et al., 2013, 2012) suggest that individuals might show FM to pain expressions only 
when they are explicitly required to take the perspective of the other person. This could explain the lack 
of pain FM in our study when the facial expression was accessible, given that no explicit instructions to 
empathize were given. Furthermore, previous studies examining pain expressions have displayed high 
intensity stimuli for a prolonged time (e.g. 15s videos (Sun et al., 2015) or up to 172s short films (Van 
der Graaff et al., 2016)) compared to our presentation of up to approximately 7s. This could indicate that 
the mimicry of pain emotions might require a longer build-up compared to happy emotions that appear 
to elicit responses more instantly. Accordingly, it has been shown that pain emotions may trigger 
empathic responses in the observer (Goubert et al., 2005) and hence approach like behaviour, but it may 
also signal a potential threat in the environment (Eccleston & Crombez, 1999; Yamada & Decety, 2009), 
yielding to avoidance like behaviour. It follows that pain may be a somewhat ambiguous stimulus yielding 
to contrasting responses, and as such, it could be the case that more attention is needed before individuals 
display any facial reactions to pain. This may then support the hypothesis that pain stimuli need a 
prolonged exposure time to elicit a congruent response. Relatedly, Sun and colleagues (2015) provided 
evidence for different temporal characteristics to pain and particularly for a prolonged response to pain 
stimuli embedded in scenes with multiple emotional cues, compared to stimuli in which pain was 
displayed either through the facial expression or body posture, suggesting that more emotional cues help 
to disambiguate the emotion quicker and lead to a congruent facial response in the observer. 
Furthermore, the facial profile of pain expression is still a matter of debate, since studies often report an 
increase in the zygomaticus muscle, indexing lip corner pull (Prkachin, 1992; Prkachin & Solomon, 2008; 
Simon, Craig, Gosselin, Belin, & Rainville, 2008; Sun et al., 2015), or activity in the orbicularis oculi, 
responsible for eyes closing (Lamm et al., 2008), rather than corrugator supercilii, indexing frowning.  
Our findings on the relation between facial responses and empathy are unexpected, as previous 
studies with adolescents and adults (Balconi & Canavesio, 2016; Sonnby–Borgström, 2002; van der 
Graaff et al., 2016) suggest a relation between FM and affective empathy. However, they are in line with 
other studies that did not find a link between affective empathy and FM, such as work by Datyner (2015) 
who reports no indications for a relation between affective empathy and FM in pre-schoolers. These 
contradictory findings might be explained by differences in the conceptualization of empathy and in the 
5





experimental design. As for the conceptualization of empathy, research distinguishes not only between 
affective and cognitive (Shamay-Tsoory et al., 2019), but also between state and trait empathy (Davis, 
1983). While trait empathy refers to one’s general ability to empathize with others, state empathy refers 
to one’s immediate and prompt reaction in a specific situation. For instance, Balconi and Canavesio 
(2013), who found positive relations between FM and empathy, explicitly instructed participants 
empathize with emotional real-life scenes during which they also assessed FM. It could be the case that 
the explicit instruction to empathize created a state-like empathy in individuals, by demanding to take 
another’s affective perspective, and this aspect in turn influenced the extent to which participants showed 
FM, rather than just their general ability to empathize (trait). As such, the emotional involvement in the 
specific realistic contexts might have appealed to participants’ empathic responses, which in turn were 
expressed through FM. Indeed, van der Graaff and colleagues (2016) found a significant relation between 
FM responses to emotion-portraying videos and state, but not trait empathy alone. Additionally, Sonnby-
Borgstrom and colleagues (2002, 2003) found a relation between trait-like empathy and FM when the 
emotional stimuli were presented at a subliminal level (i.e. 56 ms), but not when the stimuli were 
presented for a longer time (i.e. 1000 ms), suggesting that perhaps empathic traits are related to FM 
responses only at an automatic level, but not at a conscious level of emotion processing. Further studies 
should investigate the temporal dynamics of facial reactions in relation to different aspects of empathy. 
Moreover, future work should complement self- or parent-report measures with implicit measures of 
empathy, and possibly capture both trait and state-like aspects of empathic processes.  
In conclusion, this study investigated the emergence of CFRs, in addition to FM and the role of 
affective and cognitive empathy across development. We found that children responded to the emotions 
conveyed by the scenes only when they saw happy facial expressions, whereas adults also reacted to happy 
facial expression when the emotion could only be inferred from the context. Our results revealed that 
empathy was not related to these facial responses. Altogether, this study contributes to our knowledge 
on the development of emotionally congruent facial responses to others’ affective state by showing that 
during childhood the facial motor input may be essential in eliciting FM, whereas adults respond with 




























































Facial mimicry is a ubiquitous phenomenon in adults, characterized by subtlety, rapidity, and its 
remarkable affiliative function (Chartrand & Bargh, 1999; Hess & Fischer, 2016; Lakin, Jefferis, Cheng, 
& Chartrand, 2003). This thesis sought to unravel the factors contributing to the early development of 
facial mimicry by investigating the social-cognitive architecture that enables its emergence and 
modulation.  
The first research aim concerned the effects of early attachment relationships on facial mimicry 
and was addressed in three separate studies. The first study (Chapter 2) assessed whether attachment 
tendencies predict the extent to which 3-year-old children mimic others’ emotional facial expressions. 
The second study (Chapter 3) investigated whether children’s facial mimicry responses following ostracism 
are influenced by attachment security. The third study (Chapter 4) tested whether attachment affects facial 
mimicry also during adulthood.  
 The second research aim of this thesis concerned the cognitive factors enabling the emergence 
of selective facial mimicry. Hence, it was investigated whether children’s selective mimicry is regulated 
by cognitive control (Chapter 2) and what role cognitive empathy plays in the emergence of congruent 
facial responses (Chapter 5). Below, I first summarize the findings of the studies in the context of these 
research aims. Next, I discuss how these findings contribute to research on early social development, as 
well as their limitations and directions for future research. 
Intrinsic Motivation for Affiliation 
While adult research revealed the affiliative nature of facial mimicry in social interactions (e.g. Bourgeois 
& Hess, 2008; Hess & Fischer, 2013; Kavanagh & Winkielman, 2016; Likowski, Mühlberger, Seibt, Pauli, 
& Weyers, 2008), only a handful of studies have investigated the emergence of facial mimicry during early 
development (Datyner, Henry, & Richmond, 2017; de Klerk, Johnson, Heyes, & Southgate, 2015; 
Geangu, Quadrelli, Conte, Croci, & Turati, 2016; Isomura & Nakano, 2016; Kaiser, Crespo-Llado, Turati, 
& Geangu, 2017). These studies documented the ability to display facial mimicry in infancy, but leave 
unanswered which factors underlie its emergence and its selective recruitment in interpersonal 
interactions. 
Chapter 2 investigated whether young children’s facial mimicry is modulated by their attachment 
relationships. The results showed that, overall, 3-year-olds mimic happy and sad facial expressions. 
Moreover, children characterized by resistant attachment tendencies were found to display enhanced 
facial mimicry of sad expressions. Yet, no significant relation emerged between avoidant attachment and 
happy or sad facial mimicry. The finding that resistant attachment led to enhanced sad facial mimicry 
supports the hypothesis that young children's mimicry can be affected by their intrinsic affiliation 
motivation, rooted in their early parent-child attachment relationships.  





In addition to parent-child interactions, affiliation is particularly relevant for peer relations during 
early childhood. As children grow older, they interact increasingly more with other children and learn to 
coordinate their actions and cooperate with each another in interpersonal tasks (Endedijk, 2017). 
Accordingly, children may mimic those they are interacting with, according to their affiliative social goals. 
In addition to extrinsic social goals, one’s intrinsic affiliation motivation, stemming from early parent-
infant attachment relationships may also influence the extent to which children engage in social affiliative 
mimicry. The study described in Chapter 3 investigated how attachment affects children’s facial mimicry 
during peer interactions after social ostracism. After experiencing exclusion by one and inclusion by 
another virtual player during a ball-tossing computer game, insecurely attached children did not show any 
specific facial reactions to the happy and sad facial expressions of the peers. On the contrary, securely 
attached children reacted with a smile-like expression to both the happy and sad facial expression of the 
excluder, but no significant facial reactions for the includer, suggesting selective affiliative behaviours to 
a peer with whom children are likely motivated to restore affiliation. It could be argued that smiling to 
an unkind peer’s sad expression is a gesture of interpersonal warmth and as such, it represents an 
affiliative attempt (Bayes, 1972; Song, Vonasch, Meier, & Bargh, 2012). Thus, this study demonstrated 
secure children’s social sensitivity to peer interactions and their ability to shape their behaviours 
selectively based on extrinsic affiliation goals. Thereby, this study provided evidence for an interplay 
between intrinsic (i.e. attachment) and extrinsic (i.e. social goals) affiliation motivation in shaping mimicry 
behaviours during early development.  
It has been proposed that attachment patterns, which form during early parent-infant interactions, 
remain stable throughout the lifespan (Cassibba et al., 2017; Verhage et al., 2016). Correspondingly, 
adults’ affiliation motivations have been shown to be related to their early attachment (Schwartz et al., 
2007), and one’s attachment style differentially modulates emotion appraisal and corresponding 
enhancement or suppression of emotions during social interactions (for a review, see Vrtička & 
Vuilleumier, 2012). Hence, Chapter 4 investigated the effects of attachment tendencies and their 
underlying affiliation motivation on facial mimicry of emotions in adulthood. The results showed that 
adults mimicked happy and sad facial expressions, yet, in contrast to what was found in children (Chapter 
2 and 3), attachment tendencies did not modulate facial mimicry.  
Taken together, the research in this thesis substantiated previous evidence for facial mimicry of 
others’ emotion expressions in young children and adults. The findings demonstrate children’s capacity 
to display selective facial mimicry from early in development, and that their mimicry is modulated by 
attachment tendencies. While evidence was found for the role of early attachment in mimicry during 
childhood, this was not the case in adulthood. This may suggest that the extent to which attachment 
modulates one’s behaviours may change from childhood into adulthood. One such change may be that 
some attachment-related functions (e.g. seeking proximity during distress) begin to shift from parents to 
6





peers. This process continues into adulthood, when most individuals rely on close friends or romantic 
partners as attachment figures (Doherty & Feeney, 2004). As such, contrary to early life when only few 
persons constitute most of the individual’s social world, adult attachment may be formed by a multitude 
of relationships that can differ in the needs they serve at different times (Rowe & Carnelley, 2005). 
Furthermore, as proposed by Ray and Hayes (2001), facial mimicry emerges within early face-to-face 
interactions between infants and their parents. Hence, the quality of this relation has an effect on how 
children express a behaviour that they possibly learned within those early interactions. This was not the 
case for adults, for whom attachment was assessed in relation to any person they would think of at the 
moment of the assessment. This choice was made based on the assumption that attachment tendencies 
towards parents transmit to other relationships later in life (Benoit & Parker, 1994).  
In sum, the set of studies in this thesis provided support for the hypothesis that children’s intrinsic 
motivation to affiliate with others, as stemming from early attachment relationships, modulates the extent 
to which they mimic others. Moreover, evidence for a lack of a relationship between adult attachment 
and facial mimicry was found. 
The Cognitive Architecture Underlying Facial Mimicry 
It was the second aim of this thesis to investigate the contribution of cognitive regulation for the 
expression of facial mimicry. While it is plausible to expect that the extent to which young children show 
sensitivity to social dynamics and adapt their behaviours accordingly depends on their cognitive 
development (Espy, Sheffield, Wiebe, Clark, & Moehr, 2011), not much is known about this in the 
context of mimicry behaviours. Accordingly, the role of cognitive control in the relation between 
children’s attachment tendencies and facial mimicry was assessed (Chapter 2). Additionally, it was 
investigated whether children’s ability to take the perspective of another person (i.e. cognitive empathy) 
underlies the emergence of congruent facial responses to another person’s emotional states (Chapter 5). 
 
Cognitive Control 
In Chapter 2, it was hypothesized that the ability to regulate mimicry behaviours depends on children’s 
cognitive control. Contrary to what was expected, though, the extent to which 3-year-olds’ resistant 
attachment scores predicted sad facial expressions was not moderated by their cognitive control skills. 
Hence, it could be argued that interindividual differences in the motivation for affiliation, as stemming 
from early attachment relationships, might not be subject to controlled suppression of mimicry 
responses, but might rather reflect a learned response that individuals employ from early in development.  
In contrast to some initial work conducted on the relation between behavioural mimicry (i.e. face 
rubs, hands rubs) and cognitive control, which revealed that their inhibitory control ability predicted 5-
year-olds’ selective mimicry (van Schaik & Hunnius, 2018), our findings (Chapter 2) instead suggest that 





children’s selective facial mimicry was not influenced by cognitive control. However, the current research 
differed from the previous study in several respects. For instance, the ages studied were different: while 
the children in our study were 3 years old, children in the study by van Schaik and Hunnius (2018) were 
5. It may thus be the case that the cognitive modulation of social behaviours emerges only at a later age. 
Besides, the effect of cognitive control on mimicry was found within an experimental paradigm of social 
preference, whereas in the current study selective mimicry was investigated as a result of children’s 
intrinsic affiliation motivation. Thus, it could be that interindividual differences in the motivation for 
affiliation, as stemming from early attachment relationships are not subject to a controlled suppression 
of mimicry responses, but rather reflect a learned response that individuals employ.  
Previous and the current research also differ in the type of mimicry that is studied: whereas earlier 
mimicry of gross motor activity has been examined (van Schaik & Hunnius, 2018), we studied rapid and 
subtle face movements. Inhibiting a predominant behaviour, such as mimicking another person, may be 
different for slow and rapid forms. It is possible that because behavioural mimicry (e.g. moving an arm 
towards the face to then perform a cheek rub) unfolds in a slower manner compared to facial mimicry 
that has a rapid onset, cognitive control may be more likely to affect the former type of mimicry. 
Cognitive control might still regulate facial mimicry, but only later during the unfolding of the mimicry 
response rather than prior to its onset. Some indirect evidence for this argument is provided by Sonnby-
Borgstrom and colleagues (2004) who showed that individuals with a dismissing avoidant attachment 
pattern suppress the mimicry of angry expressions after more than 2 seconds, while initially, they show a 
similar facial mimicry response as non-dismissing individuals. Taken together, these mixed findings beg 
further research to elucidate whether and how different types of mimicry are distinctly subject to the 
modulation of cognitive control at different ages. 
 
Cognitive Empathy 
With the emergence of more advanced social-cognitive skills, children learn to better regulate their 
behaviours (van Schaik & Hunnius, 2018), but also acquire greater flexibility in deciphering others’ 
emotional states across different contexts. The study described in Chapter 5 investigated the role of 
cognitive and affective empathy for facial responses to emotion-eliciting situations in 3- and 6-year-olds 
and adults. The findings revealed that both children and adults mimicked happy expressions when the 
face of the person was visible, but only adults showed a congruent facial response when only the 
situational context provided information regarding the emotional content. Surprisingly, the facial 
responses were not significantly associated to cognitive nor affective empathy, in contrast to our 
hypotheses and prior evidence (e.g. Chartrand & Bargh, 1999; Van der Graaff et al., 2016). 
 Notably, our paradigm differed in several aspects from previous studies investigating the role of 
cognitive empathy in mimicry. One such distinct feature is the context in which the emotion was elicited. 
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For example, the study by van der Graaff and colleagues (2016), that found a relation between cognitive 
empathy and mimicry, used naturalistic videos of real-life scenes from documentaries of approximately 
3 minutes, contrary to our stimuli that lasted a few seconds and only briefly featured of the context that 
evoked the emotional facial expression. Likewise, Chartrand and Bargh (1999) revealed an association 
between cognitive empathy and postural mimicry in a study that entailed a live paradigm. All in all, 
evidence for a link between cognitive empathy and mimicry, although scarce, seems to suggest that 
naturalistic emotional environments, as opposed to experimentally controlled ones, play a prominent role 
in triggering empathy in the observer. However, given the mixed findings and differences in the 
paradigms across these studies, more research is needed to reconcile these differences in the investigation 
of cognitive mechanisms underlying emotional facial mimicry. 
Besides the type of paradigm in which the emotional response is elicited, another crucial aspect 
in the relation between empathy and mimicry is the emotion used as stimulus. Our study (Chapter 5) 
investigated mimicry responses to happy, pain, and disgust emotions. The findings provided evidence for 
facial responses to happy expressions across childhood and adulthood, but little evidence for pain and 
none for disgust. Pain mimicry has been previously documented in adults (Avenanti et al., 2005; Lamm 
et al., 2008), and a positive relation with affective empathy was found (Sun et al., 2015). Importantly, 
these stimuli showed strong intensity images of body injuries or needle injection, as opposed to our 
stimuli that were created bearing in mind the experiences with situations eliciting happy, pain, or disgust 
expressions young children might have (such as a box falling on one’s hand). As such, our findings with 
respect to pain emotions may partly be due to the low emotional intensity of our videoclips. Disgust 
mimicry literature also surfaced scarce and mixed findings. Whilst some studies suggest that individuals, 
particularly those characterized by high empathy, mimic disgust facial displays (Balconi & Canavesio, 
2016; Rymarczyk et al., 2016, 2019, Vrana, 1993), other studies failed to find evidence for disgust mimicry 
at all (for a review see Hess & Fischer, 2013). Hess and Fischer (2012, 2013) argued that disgust is not an 
affiliative emotion and hence does not trigger mimicry, which is also in line with the Social Context view 
(Hess & Fischer, 2016). While our null findings on disgust mimicry confirm this view, contradicting 
evidence for such mimicry cannot be ignored (e.g. Balconi & Canavesio, 2016), leaving thus open the 
debate on disgust mimicry. 
To sum up, whereas it is sometimes claimed that facial mimicry is an index of empathy (e.g. Sun 
et al., 2015; Van der Graaff et al., 2016), the empirical evidence on the relation between empathy and 
mimicry across the lifespan is still scarce and mixed (e.g. Datyner et al., 2017; Sonnby-Borgstrom, 2002). 
More developmental studies are needed to understand how cognitive, affective, and motor responses to 
others’ emotions emerge and interrelate. Despite the possible limitations in the ecological validity of the 
emotional stimuli, our cross-sectional design takes an important step examining the developmental 
trajectory of cognitive empathy and emotional mimicry.  





Methodological Considerations and Future Directions in the Study of Facial Mimicry 
It is remarkable how well humans engage in complex interactions from early on, are able to employ verbal 
and nonverbal behaviours to communicate with one another, and convey implicit messages of affiliation 
or disaffiliation through, amongst other things, facial mimicry. These social cues are ingrained in a 
dynamic and complex communication system. As such, investigating these subtle and transient 
phenomena often is not an easy endeavour. From findings generated in the lab employing minimal group 
paradigms and controlled experimental environments, researchers aim to draw conclusions about the 
function of mimicry and its effects “in the wild”. While important methodological advances have 
permitted to gain insights into implicit socio-emotional and cognitive mechanisms since early on in 
development, there still are some limitations to acknowledge and implications for future research to lay 
out. Below, I will discuss some of these limitations encountered in the work of this thesis and some 
considerations for future work. 
 
Measuring Facial Mimicry 
Facial Muscles 
For a happy expression, one expects an increase in the ZM and simultaneously a decrease in the CS as 
compared to baseline. Assuming that the two muscle sites would not significantly differ in their activation 
during a stimulus-free baseline, any changes in the activation of the two muscles after stimulus onset 
indicate which emotion is expressed in response to it. However, more complex emotional expressions 
might not be so easily distinguishable from each other and may rather be the result of activation of 
multiple muscles. According to the Facial Action Coding System (FACS), which taxonomizes human 
facial movements, an emotional expression is the product of up to seven action units, whereby an action 
unit is defined as the activation of one or more muscles (Ekman, 1997). For example, FACS indicates 
that three action units are involved in the facial expression of disgust: in addition to the levator muscle 
region that is recorded in our study (Chapter 5), also the depressor anguli oris (mandibular area) and the 
depressor labii inferiori (jaw region) is involved. Future facial mimicry studies should aim to record several 
sites that may help disambiguate the classification of an emotional expression. For example, in adult 
research, while happy expressions are relatively straightforward to identify from EMG recordings of two 
distinct muscle sites, this is not the case for more complex expressions such as disgust or pain, hence 




The use of facial EMG in developmental research has greatly contributed to our knowledge on affective 
processing, as it can reliably capture subtle changes in muscle activation. However, this method also 
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imposes some limitations. For example, children’ faces are small and as such there is a risk that the 
electrical recordings from one muscle site might also pick up activation from surrounding muscles. While 
this may not constitute a problem for happy or sad emotional expressions, as they are characterized by 
activation of muscles that are anatomically distant (the CS on the forehead and the ZM on the cheek), 
cross-talk might be more likely to occur for emotional expressions indexed by anatomically closer muscles 
(e.g. as is the case for disgust). This might affect the accuracy with which emotional expressions are 
identified.  
Another practical consideration in early childhood research is children’s willingness to allow the 
experimenter to prepare the muscle site of interest and apply the electrodes on their face. Facial EMG 
requires cleaning the facial areas of interest to obtain good impedances, which costs time. Young children 
have a short attention span, and their attention for the experimental task might also be affected by the 
unfamiliar place and the unfamiliar people around them. For example, our studies had attrition rates of 
up to 50%, and particularly children characterized by avoidant attachment were significantly more likely 
to not reach the inclusion criteria, for instance because they showed less compliance with the study 
procedures or attended less to the stimuli. This should be considered when planning future studies, for 
instance by using methods to assess facial mimicry that do not require the close interaction with the 
experimenter, as described above.   
As an alternative to the complex and possibly stressful EMG procedure, other methods such as 
thermal cameras could be employed. Infrared thermography can measure emotions through subtle 
changes in blood flow to the different areas of the face and can cover all facial areas and thus a broad 
range of emotional expressions (Clay-Warner & Robinson, 2015; Esposito et al., 2015; Robinson et al., 
2012). Furthermore, these techniques would have the potential to acquire data in the home or other 
natural settings. However, limitations such as the temporal resolution, sensitivity to lightning conditions 
and the need for steady images first need to be solved (Ioannou, Gallese, & Merla, 2014). In the future, 
different techniques might be considered, depending on the nature of the emotional responses involved 
in the study design. 
 
Data Normalization 
 Electromyographic signals are subject to many intrinsic and extrinsic factors that can affect the 
measurement of muscle action potentials which researchers need to account for to quantify experimental-
related muscle activation effects (Halaki & Ginn, 2012). While intrinsic factors consist of anatomy-related 
features of the muscle (e.g., type of muscle, amount of muscle tissue), extrinsic factors relate to the 
assessment procedure (e.g., electrode placement). To account for these extrinsic factors, in this thesis, 
the gold standard procedures for human electromyographic research (i.e. inter-electrode distance, muscle 
site preparation) as outlined by Fridlund and Cacioppo (1986) and Tassinary and Cacioppo (1989, 1992, 





2000) were followed. These procedures are widely accepted and reported in the facial EMG literature 
(see Hess & Fischer, 2016, for an overview).  
For the intrinsic factors, there is less consensus on a preferred method, and different procedures 
to normalize the EMG signal have been employed to allow for meaningful comparisons across muscles 
and conditions. The two most commonly used methods are standardization within muscle and condition 
with z-scores, and percentage change scores. Z-score transformations were used in this thesis and have 
the advantage of bringing the muscle activation from different sites (CS, ZM) on the same scale. As such, 
they allow direct comparisons across muscles (e.g. Geangu et al., 2018; Hess & Blairy, 2001; Oberman et 
al., 2009; Vacaru et al., 2019). However, while the advantage of this method is that it accounts for inherent 
individual differences in EMG amplitudes (e.g. muscle morphology, gender), it can result in a decrease 
in interindividual variance (Bush, Hess, & Wolford, 1993). This within-subjects standardization may limit 
the contribution of individuals with strong responses, and as such leads to a conservative test of 
hypotheses on interindividual differences. 
Percentage change from baseline, on the other hand, does not have the risk of decreasing 
individual differences. While these scores also standardize the individual’s response in terms of absolute 
EMG amplitudes and enable comparisons across individuals and groups with respect to one muscle (e.g. 
de Wied, van Boxtel, Zaalberg, Goudena, & Matthys, 2006; Deschamps et al., 2012), they are less suited 
for comparing responses across different muscles. The two methods thus differ in the questions that can 
be studied: whereas z-scores allow examining facial expression profiles by comparing activation across 
muscles, percentage change scores provide information on the response of a muscle to a stimulus. In the 
future, the two standardization methods and their implications for facial EMG data should be compared 
systematically to quantify their advantages and disadvantages for mimicry research. In this thesis, I 
decided to use z-scores to compare activation across muscles, in order to capture a full facial expression. 
Nonetheless, this choice might have led to a conservative measure of facial muscle activation. While 
providing a sensitive measure of emotional facial mimicry, its limitations with respect to quantifying 

















Future work should aim to extend the research presented in this thesis and build on our findings on the 
emergence of facial mimicry and its modulation by early experiences. Below, I highlight some possible 
research directions and the implications it might have for the clinical neurodevelopmental field. 
 
In the wild 
To gain further insights into the emergence of facial mimicry and early social development, we need to 
capture social dynamics and the recruitment of subtle interpersonal behaviours as they naturally occur in 
daily life. Naturalistic investigations of facial mimicry would increase the ecological validity of our 
research as well as the compliance of child participants. For example, examining naturally occurring 
mother-infant interactions and assessing emotional expressions in an unobtrusive way can provide novel 
insights into early imitogenic experiences that babies are exposed to. As facial mimicry might emerge as 
a product of sensory-motor associations acquired during early parent-infant face-to-face interactions (Ray 
& Heyes, 2011), it would be of great empirical value to quantify and reliably describe the contribution of 
early imitogenic input for the formation of those associations and its developmental timeline.   
 
Neurodevelopmental Disorders 
Autism spectrum disorder (ASD) is characterized, amongst other things, by atypical social 
communication (APA, 2013). Research on facial mimicry in individuals with ASD yielded mixed findings. 
While some researchers reported that individuals with and without ASD differ in the extent to which 
they mirror others’ behaviours and show emotional contagion (Beall, Moody, McIntosh, Hepburn, & 
Reed, 2008; Moody & McLntosh, 2006; Scambler, Hepburn, Rutherford, Wehner, & Rogers, 2007), 
others found no differences (Deschamps et al., 2015). Facial mimicry impairments in ASD might only 
exist early during the course of the response but not later (McIntosh, Reichmann-Decker, Winkielman, 
& Wilbarger, 2006; Oberman, Winkielman, & Ramachandran, 2009), suggesting that individuals with 
ASD possess the general capacity to mimic emotional expressions, but do not do so spontaneously.  
It is interesting to consider reduced facial mimicry in ASD within the associative learning 
framework (Heyes & Ray, 2011). While the sensory-motor associations underlying these behaviours likely 
emerge as a product of early face-to-face imitation episodes, it is possible that babies who later receive a 
diagnosis of ASD show different sensitivity to these cues (e.g. atypical face processing, Tang et al., 2015; 
diminished orientation towards faces, Pavlova et al., 2017) and hence may orient less to their parent’s 
imitation instances. Alternatively, it may also be that these babies display fewer facial expressions (e.g. 
Keating & Cook, 2020; Trevisan, Hoskyn, & Birmingham, 2018) and therefore create less opportunities 
for parents to imitate them. As such, these babies would not form strong sensory-motor associations for 





facial expressions. More research should be conducted in this area to examine this hypothesis and help 
us understand atypical social-cognitive development. 
 
Attachment Disorders 
In light of the role of early parent-infant interactions and imitogenic experiences for facial mimicry, it is 
crucial to consider the sequelae of disturbed early relations, social deprivation, or neglect for facial 
mimicry development. Attachment disorders are marked by disturbed and developmentally inappropriate 
social relatedness due to early experiences of social neglect or inadequate caregiving (APA, 2013). As 
early attachment represents the bedrock of healthy social development and there are detrimental 
outcomes associated with attachment disorders (Oosterman & Schuengel, 2008; Vacaru, Sterkenburg, & 
Schuengel, 2018; van IJzendoorn, Schuengel, & Bakermans-Kranenburg, 1999), it is surprising how little 
is known about its effects on interpersonal behaviours that communicate affiliation with others, such as 
mimicry. While this investigation is a first step in this direction, the studies presented here were conducted 
with typically developing samples. Our participants were volunteer families and university students and 
were unlikely to have attachment disorders, but rather tendencies of resistant or avoidant attachment. 
Nevertheless, our findings provide complementary evidence to clinical research investigating the 
expression of emotional affiliative mimicry in clinical populations. In several studies, Ardizzi and 
colleagues (2013, 2016) reported reduced facial mimicry of negative emotions in street children and 
adolescents, suggesting a potential mechanism to reduce empathic understanding of others’ emotions 
due to an early adaptation to their hostile environment. Facial mimicry might emerge from interactions 
with a caregiver and when these are suboptimal or inconsistent, as it is the case in neglected children and 
orphans, the ability or motivation to mimic others’ emotional expressions might be reduced. Together 
with our results on the modulation of facial mimicry by attachment tendencies in the general population, 
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De natuurlijke neiging tot het imiteren van anderen komt vaak voor tijdens sociale interacties. Hoewel er 
veel bekend is over de affiliërende rol van mimicry, is er over de ontwikkeling ervan nog weinig bekend. 
In dit proefschrift wordt beoogd de factoren die bijdragen aan de vroege ontwikkeling van 
gezichtsmimicry aan het licht te brengen. Ook wordt beoogd het effect dat sociale motieven op mimicry 
hebben en de onderliggende cognitieve processen te onderzoeken. 
In hoofdstuk 2 is de relatie tussen de hechtingsrelatie van 3-jarigen en mimicry onderzocht, gezien 
verschillen in hechtingsrelatie kunnen leiden tot verschillen in sociale motivatie. Verder hebben we de 
modererende rol van cognitieve vaardigheden, zoals inhibitie, onderzocht. We hebben vrolijke en 
verdrietige mimicry onderzocht met elektromyografie (EMG) van de Zygomaticus major (ZM), ook wel 
de lachspier genoemd, en de Corrugator supercilii (CS), ook wel de fronsspier genoemd. Hechtingsrelaties 
zijn beoordeeld aan de hand van ouderlijke informatie. Kinderen met een afwerende en vermijdende 
gehechtheid zouden nabijheid bij anderen respectievelijk kunnen maximaliseren en minimaliseren, wat 
leidt tot hoge en lage motivatie voor affiliatie. Inhibitie is gemeten aan de hand van een taak waarin 
beloning wordt uitgesteld. Het bleek dat kinderen met een afwerende gehechtheid meer verdrietige 
gezichtsmimicry lieten zien, waaruit opgemaakt kan worden dat hoe hoger de motivatie voor affiliatie, 
hoe meer kinderen zich bezighouden met mimicry van verdrietige gezichtsuitdrukkingen. Vermijdende 
gehechtheid zorgde niet voor het onderdrukken van gezichtsuitdrukkingen, hoewel een patroon in de 
voorspelde richting werd gevonden. Het effect van de hechtingsrelatie op mimicry werd niet 
gemodereerd door cognitieve controle. Samengevat laat dit onderzoek zien dat kinderen al vroeg in hun 
ontwikkeling selectieve imitatie van gezichtsuitdrukkingen laten zien en dat deze wordt gemoduleerd door 
de hechtingsrelatie tussen ouder en kind. De imitatie van gezichtsuitdrukkingen reflecteert mogelijk een 
automatische respons die is aangeleerd in vroege relaties. Dit onderzoek laat echter de vraag hoe kinderen, 
met verschillende intrinsieke motieven voor affiliatie, gezichtsmimicry laten zien nog onbeantwoord. 
In hoofdstuk 3 hebben we gezichtsmimicry na buiten sluiten door leeftijdsgenoten onderzocht bij veilig 
en onveilig gehechte kinderen. De hechtingsrelatie is gemeten aan de hand van een vragenlijst ingevuld 
door de ouders. Imitatie van gezichtsuitdrukkingen is gemeten met behulp van EMG in een groep 5-
jarige kinderen. Participanten namen deel aan een computerspel, Cyberball, waarin ze met behulp van de 
twee pijltjestoetsen een bal heen en weer konden gooien samen met twee virtuele medespelers. Het spel 
was zo geprogrammeerd dat de ene speler includerend en de andere speler excluderend gedrag vertoonde. 
Na het spel werden vrolijke en verdrietige gezichtsuitdrukkingen van de twee medespelers getoond, 
terwijl de ZM en CS activatie bij de participant werd gemeten. De kinderen lieten een lachende 
gezichtsuitdrukking zien in reactie op zowel het vrolijke als het verdrietige gezicht van de excluderende 
medespeler. Er werden echter geen significante reacties ten opzichte van de includerende medespeler 
gezien. Deze bevindingen benadrukken de specificiteit van mimicry als affiliërend middel na het ervaren 
van buitensluiting. Bovendien lieten enkel veilig gehechte kinderen deze reacties zien, wat suggereert dat 





onveilig gehechte kinderen in een stressvolle situatie de neiging hebben te ‘bevriezen’ als 
verdedigingsmechanisme in negatieve sociale interacties. Gezien de cruciale rol van hechting in de vroege 
sociale ontwikkeling, zijn we geïnteresseerd in de vraag of hechting ook invloed heeft op mimicry in 
volwassenen. 
In hoofdstuk 4 hebben we onderzocht of hechting invloed heeft op gezichtsmimicry in volwassenen. 
Gezichtsmimicry van emoties is gemeten met EMG en hechting is gemeten aan de hand zelfrapportage. 
De Bayesiaanse analyses geven matig tot sterk bewijs dat er geen relatie is tussen hechting en mimicry in 
volwassenen. Deze bevindingen komen niet overeen met de resultaten die in kinderen gevonden zijn en 
leiden daarom tot belangrijke vragen over de rol die hechting speelt in de ontwikkeling van sociale 
gedragingen door het leven heen. 
In hoofdstuk 5 hebben we de cognitieve mechanismen onderliggend aan gezichtsmimicry onderzocht 
door de relatie tussen affectieve en cognitieve empathie en congruente gezichtsreacties op de emoties van 
anderen te onderzoeken in drie steekproeven (3-jarigen, 6-jarigen en volwassenen). Eerder hebben we 
gezichtsmimicry onderzocht in reactie op gezichtsuitdrukkingen, maar er zijn aanwijzingen dat 
volwassenen het vermogen hebben om, congruente emotionele reacties te vertonen, zelfs wanneer 
iemands gezicht niet zichtbaar is. Wij verwachtten dat dit mogelijk is door cognitieve empathie, namelijk 
het vermogen om andermans emotionele staat te begrijpen. Het direct imiteren van andermans 
emotionele gezichtsuitdrukking daarentegen is gerelateerd aan affectieve empathie, het ervaren van 
andermans emotionele staat. Om deze verwachting te testen, hebben we participanten blije emoties, 
pijnlijke emoties, en emoties van walging laten zien in twee condities: een waarin het gezicht zichtbaar 
was en een waarin het gezicht vervaagd was en enkel contextuele aanwijzingen over de emotie aanwezig 
waren. Imitatie van gezichtsuitdrukkingen is gemeten met EMG en empathie is gemeten met 
vragenlijsten. Volwassenen vertoonden blije gezichtsuitdrukkingen na het zien van zowel blije gezichten 
als vervaagde gezichten met blije contextuele aanwijzingen. De 3-jarigen en 6-jarigen imiteerden 
daarentegen alleen de uitdrukkingen van de zichtbare gezichten. Bovendien hebben we in geen van de 
drie leeftijdsgroepen een relatie gevonden met empathie. Voor de stimuli die pijn en walging weergaven, 
werden inconsistente reacties gemeten in de gezichtsuitdrukkingen van de participanten.  
Dit proefschrift onderzocht een belangrijk aspect in de ontwikkeling van sociale mimicry: de intrinsieke 
motivatie om sociale banden aan te gaan, voortkomend uit de vroege ouder-kind hechtingsrelatie 
(hoofdstuk 2). De resultaten laten zien dat veilig gehechte kinderen selectieve imitatie van 
gezichtsuitdrukkingen vertonen tegenover leeftijdsgenoten die hen buitensloten in sociale interacties om 
zo een band op te bouwen (hoofdstuk 3). Daarentegen vonden we geen relatie tussen hechting en imitatie 
van gezichtsuitdrukkingen bij volwassenen (hoofdstuk 4). Als laatste belicht dit proefschrift de rol van 
directe visuele input voor het imiteren van gezichtsuitdrukkingen in kinderen, terwijl volwassenen alleen 
contextuele aanwijzingen nodig hadden. 
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The spontaneous tendency to mimic others is an ubiquitous phenomenon characterizing social 
interactions. While the affiliative role of mimicry has been long established, its developmental roots are 
still largely unknown. This thesis sought to unveil the factors contributing to the early development of 
interpersonal facial mimicry and focused on its modulation by affiliation motives and its underlying 
cognitive architecture. 
In Chapter 2, we examined the modulation of facial mimicry in 3-year-old children by their 
attachment relationships that might lead to differences in the motivation for affiliation. Further, we 
investigated whether cognitive skills, such as inhibitory control, moderate this relation. We assessed 
happy and sad facial mimicry using facial electromyography (EMG) of the Zygomaticus major (ZM), also 
known as the smiling muscle, and the Corrugator supercilii (CS), the frowning muscle. Attachment 
tendencies were assessed via parent report. Children with resistant and avoidant attachment tendencies 
are thought to maximize and minimize proximity with others, respectively, which leads to high and low 
motivation for affiliation. Inhibitory control was assessed with a reward delay task. It emerged that 
resistant attachment tendencies led to increased sad facial mimicry, suggesting that the higher the 
motivation for affiliation the more children manifested mimicry of sad expressions. Avoidant attachment 
tendencies did not yield a suppression of facial mimicry, although a pattern in the expected direction was 
observed. Cognitive control did not moderate the effect of attachment on facial mimicry. Altogether, this 
study shows that from early in the development, children display selective facial mimicry that is 
modulated by early parent-child attachment. Their mimicry likely reflects an automatic response learned 
within early relationships. Yet this study left open the question as to how children with different intrinsic 
affiliation motives employ facial mimicry during peer interactions. 
In Chapter 3, we tested securely and insecurely attached children’s facial mimicry following peer 
ostracism. Attachment was assessed via a parent-report questionnaire and facial mimicry with EMG in a 
group of 5-year-old children. Participants engaged in a computerized game, Cyberball, in which 
participants used a two-button pad to toss a ball among themselves and two virtual players. The game 
was programmed such that one player behaved in an including and one in an ostracizing manner. After 
the game, children saw happy and sad facial expressions of the two players, while their facial ZM and CS 
activation was recorded. We found a smile-like expression in response to both the happy and the sad 
facial expressions of the excluder peer, and non significant reactions towards the includer peer. These 
findings highlight the specificity of facial mimicry as affiliative means following the experience of 
ostracism, whereas such a response in not present towards a peer with whom affiliation had already been 
established. Moreover, only securely attached children manifested these responses, suggesting that in a 
distressing situation, insecurely attached children might show a freezing response as a defensive 
mechanism during negative social interactions. Given the crucial role of attachment during early social 
development, we asked whether attachment tendencies impact facial mimicry also during adulthood. 





In Chapter 4, we investigated whether attachment tendencies modulate facial mimicry in 
adulthood. Facial mimicry of emotions was assessed using EMG, and attachment tendencies through a 
self-report questionnaire. Using a Bayesian approach, we found moderate-to-strong evidence for no 
relationship between attachment tendencies and facial mimicry in adults. These findings are in contrast 
to our previous results with children, and thus raise important questions about the role of attachment for 
the modulation of affiliative behaviours throughout the lifespan. 
In Chapter 5, we examined the cognitive architecture underlying the emergence of facial mimicry 
by studying the interrelations between affective and cognitive empathy and congruent facial responses of 
other’s emotions in three samples (3- and 6-year-olds, adults). Previously, we examined facial mimicry to 
an observed facial expression, but there is some evidence that adults are capable of showing congruent 
emotional reactions also when the face is not visible, relying on other cues. We proposed that this capacity 
might be supported by cognitive empathy, namely the capacity to understand others’ emotional state. In 
turn, mimicking another person’s emotional facial expression might be related to affective empathy, 
namely the vicarious emotional experience of another person’s emotional state. To test this proposition, 
we showed participants happy, pain and disgust emotions in two conditions: one where the face was 
visible and one where the face was blurred and contextual cues provided the only emotional information. 
Facial mimicry was assessed with EMG and empathy via questionnaires. In contrast to adults who 
displayed happy congruent facial expressions, both when the face was visible and not, 3- and 6-year-old 
children only mimicked the visible facial expression. Moreover, we found no relation with empathy at 
any age. For pain and disgust stimuli, inconsistent facial responses emerged. These findings advance our 
knowledge on the development of emotionally congruent facial responses to others’ affective states by 
showing that during childhood the facial motor input may be essential in eliciting facial mimicry, whereas 
adults respond with congruent facial responses in the absence of the facial expression. 
 In conclusion, this thesis shed light on an important factor in the emergence and 
modulation of social mimicry: intrinsic affiliation motivation stemming from early parent-child 
attachment relationships (Chapters 2). It was found that securely attached children selectively employ facial 
mimicry towards an ostracizing peer during social interactions, as a means to achieve affiliation (Chapter 
3). Contrarily, no relation between attachment and facial mimicry was found in adulthood (Chapter 4). 
Lastly, this thesis highlights the importance of the motor input for facial mimicry in childhood, whereas 













Un fenomen omniprezent ce caracterizeaza interactiunile sociale este tendinta spontana de a-i imita pe 
altii. In timp ce rolul in afiliere al imitarii a fost stabilit demult, originile dezvoltarii sale raman in mare 
necunoscute. Aceasta lucrare si-a propus sa arate factori ce contribuie la dezvoltarea timpurie a 
mimetismului facial interpersonale, focusandu-se pe modularea sa de catre motivele afilierii si structura 
cognitiva de baza. 
In Capitolul 2, am examinat modularea mimetismului facial, la copii in varsta de trei ani, de catre 
relatiile de atasament, relatii ce sunt caracterizate de diferente in motivele de a se afilia. Mai departe, am 
cercetat daca un grad mai ridicat al abilitatilor cognitive, cum ar fi controlul inhibitor, moduleaza aceasta 
relatie. Am evaluat mimetismului facial al bucuriei si tristetii, inregistrand activarea subtila a muschilor 
faciali, prin realizarea electromiografiei (EMG). Muschii faciali analizati au fost Zygomaticus major (ZM), 
cunoscut, de asemenea, ca si muschiul zambetului, si Corrugator supercilii (CS), care este muschiul 
incruntarii. Tendintele de atasament au fost evaluate prin rapoarte ale parintilor. Copiii cu tendinta de 
atasament rezistent sunt considerati ca avand inclinatia de a maximiza proximitatea cu ceilalti, aratand 
astfel niveluri inalte in motivatia de a se afilia, iar copiii cu tendinta de atasament evitant au inclinatia de 
a minimiza proximitatea cu ceilalti, aratand niveluri joase in motivatia afilierii. Controlul inhibitor a fost 
evaluat cu o sarcina ce presupunea recompensa amanata. A reiesit ca tendinta unui atasament rezistent 
ridicat a condus la un mimetism facial marit al tristetii, sugerand ca, cu cat era mai mare motivatia de 
afiliere, cu atat mai mult copiii manifestau mimetismul expresiilor de tristete. In schimb, tendintele unui 
atasament evitant nu au determinat o suprimare a mimetisumului facial, desi, s-a observat un tipar in 
directia preconizata. Mai mult, controlul cognitiv nu a influentat efectul atasamentului asupra 
mimetismului facial. In ansamblu, acest studiu arata ca, inca de timpuriu in dezvoltare, copiii prezinta un 
mimetism facial selectiv, influentat de relatia timpurie de atasament parinte-copil, ce merge dincolo de o 
reactie cognitiva controlata si care, cel mai probabil, reflecta un raspuns automat invatat in cadrul acestor 
relatii. Totusi, acest studiu a lasat o intrebare deschisa in ceea ce priveste modul in care copiii folosesc 
mimetismului facial in interactiunile cu egalii, in functie de motivele intrinseci ale afilierii. 
In Capitolul 3, am testat mimetismul facial in urma ostracizarii din partea colegilor, la copiii de 
cinci ani, cu tendinta de atasament securizat si nesecurizat. Atasamentul a fost evaluat prin intermediul 
unui chestionar raportat de catre parinte, iar mimetismul facial cu EMG. Interactiunea sociala a fost 
implementata prin paradigma Cyberball, care este un joc pe computer, la care participantii folosesc o 
maneta cu doua butoane pentru a arunca o minge catre alti doi jucatori virtuali, care sunt programati 
astfel incat sa reprezinte un coleg care il accepta pe participant si unul care il ostracizeaza. Dupa joc, 
participantii vedeau expresii faciale de bucurie si tristete ale celor doi jucatori, in timp ce activarea faciala 
a ZM si CS era inregistrata. Am gasit o expresie asemanatoare zambetului atat pentru expresiile faciale de 
bucurie, cat si cele de tristete, declansat la vederea jucatorului ce i-a ostracizat, si nicio reactie semnificativa 
catre colegul ce i-a inclus in joc. In totalitate, aceste rezultate subliniaza specificitatea mimetismului facial 





ca mod de afiliere in urma experientei de respingere a colegului ce i-a ostracizat si nu a celui cu care 
afilierea era deja stabilita. Mai mult, doar copiii cu o tendita de atasament securizat manifestau aceste 
raspunsuri, sugerand ca intr-o situatie de stress, copiii cu atasament nesecurizat arata un raspuns paralizat, 
ca reactie de aparare in timpul interactiunilor sociale negative. Avand in vedere rolul crucial al 
atasamentului in timpul dezvoltarii sociale timpurii, ne-am intrebat daca tendintele de atasament au 
implicatii in imitarea faciala de-a lungul perioadei de adult.   
In Capitolul 4, am cercetat daca tendintele de atasament moduleaza mimetismul facial la adulti. 
Mimetismul facial al emotiilor au fost evaluati prin EMG, iar tendintele de atasament prin completarea 
unui chestionar de auto-raportare. Prin folosirea unui esantion mare si a unei analize statistice Bayesian, 
am obtinut dovezi moderate spre puternice in directia unei lipse de relatie semnifictiva intre tendintele de 
atasament si mimetismul facial. Aceste descoperiri sunt in contrast cu descoperirile anterioare facute la 
copii, lasand astfel loc unor intrebari importante despre rolul atasamentului in modularea 
comportamentelor de afiliere de-a lungul vietii, ce ramane sa fie descoperit. 
In Capitolul 5, am aprofundat cercetarea structurii cognitive ce se afla la baza aparitiei mimetismul 
facial, prin studierea interrelatiei dintre empatia afectiva si cognitiva cu reactiile faciale congruente la 
emotiile altora, in trei esantioane (copii de 3 ani, de 5 ani, si adulti). Anterior, am examinat mimetismul 
facial al uneii expresii faciale observate, insa exista unele dovezi care arata ca adultii sunt capabili sa 
exprime reactii emotionale congruente si atunci cand fata nu este viziila, bazandu-se pe alte indicii. Am 
ipotezat ca aceasta capacitate ar putea fi sustinuta de empatia cognitiva, mai specific, de capacitatea de a 
intelege starea emotionala a celuilalt. In schimb, mimetismul expresiei emotionale a fetei altuia ar putea fi 
in legatura cu empatia afectiva, mai exact cu vietuirea afectiva proprie a starii afective a altuia. Pentru a 
testa aceasta idee, am aratat participantilor emotii de bucurie, durere si dezgust, in doua conditii: una, in 
care fata era vizibila, si una in care fata era neclara si indicii contextuali erau singurii care ofereau informatii 
despre emotii. Mimetismul facial a fost evaluat cu EMG, si empatia prin chestionare. In contrast cu 
adultii, care au manifestat expresii faciale de bucurie congruente, atat cand fata era clara cat si atunci cand 
nu era, copiii, atat cei de 3 ani cat si cei de 6, au imitat doar expresiile faciale vizibile. Mai mult, nu am 
gasit nicio legatura cu empatia, la nicio varsta. Pentru durere si dezgust au fost inregistrate reactii faciale 
inconsistente. Aceste rezultate sustin cunostintele noastre cu privire la dezvoltarea raspunsurilor faciale 
congruente emotional la starea afectiva a altora, prin a arata ca in timpul copilariei stimulul facial motor 
ar putea fi esential in provocarea mimetismul facial, pe cand adultii raspund cu reactii faciale congruente 
si in absenta expresiei faciale. 
In concluzie, aceasta lucrare a lamurit problema cu privire la un precursor important in 
declansarea si modularea mimetismului social: motivatia intrinseca de afiliere, avandu-si sursa in relatia 
de atasament timpurie parinte-copil (Capitolul 2). Mai departe, s-a gasit ca doar copiii cu un atasament 
securizat manifesta selectiv mimetismul facial catre colegii care ii ostracizau in timpul interactiunilor 





sociale, ca un mod de a obtine afilierea (Capitolul 3). In mod contrar, nicio relatie nu a fost gasita intre 
atasament si mimetismul facial la adulti (Capitolul 4). In final, aceasta teza subliniaza importanta aportului 
motor in mimetismul facial din perioada copilariei, pe cand in viata de adult, raspunsuri faciale congruente 



















































































La tendenza spontanea a imitare gli altri è un fenomeno onnipresente che caratterizza le interazioni 
sociali. Sebbene il ruolo affiliativo del mimetismo sia stato stabilito da tempo, le sue radici evolutive 
sono ancora in gran parte sconosciute. Questa tesi ha cercato di svelare i fattori che contribuiscono allo 
sviluppo precoce del mimetismo facciale interpersonale e si è focalizzata sulla sua modulazione per 
motivi di affiliazione e sulla sua architettura cognitiva sottostante. 
Nel Capitolo 2, abbiamo esaminato la modulazione del mimetismo facciale nei bambini di 3 anni 
in base alle loro relazioni di attaccamento che potrebbero portare a differenze nella motivazione 
all'affiliazione. Inoltre, abbiamo studiato se le abilità cognitive, come il controllo inibitorio, possano 
moderare questa relazione. Abbiamo valutato il mimetismo facciale rispetto alle espressioni di felicità e 
tristezza utilizzando l'elettromiografia facciale (EMG) dello Zygomaticus major (ZM), noto anche come 
muscolo del sorriso, e il Corrugator supercilii (CS), il muscolo accigliato. Le tendenze di attaccamento 
sono state valutate tramite un questionario per i genitori. Si ritiene che i bambini con tendenze di 
attaccamento resistenti ed evitanti massimizzino e minimizzino, rispettivamente, la vicinanza con gli altri, 
il che porta a una motivazione alta e bassa per l'affiliazione. Il controllo inibitorio invece è stato valutato 
attraverso un compito di ritardo della ricompensa. È emerso che le tendenze di attaccamento resistente 
hanno portato a un aumento del mimetismo facciale delle espressioni di tristezza, suggerendo che, tanto 
maggiore è la motivazione per l'affiliazione, tanto più i bambini manifestano mimetismo delle espressioni 
di tristezza. Le tendenze di attaccamento evitante non hanno portato a una soppressione del mimetismo 
facciale, sebbene sia stato osservato una tendenza nella direzione ipotizzata. Inoltre, il controllo cognitivo 
non ha moderato l'effetto dell'attaccamento sul mimetismo facciale. Complessivamente, questo studio 
mostra che sin dalle prime fasi dello sviluppo, i bambini mostrano un mimetismo facciale selettivo che è 
modulato dall'attaccamento precoce tra genitore-figlio. Il loro mimetismo riflette probabilmente una 
risposta automatica appresa nelle prime relazioni, che va aldilà del controllo cognitivo. Tuttavia, questo 
studio ha fatto emergere una domanda importante: come fanno uso del mimetismo facciale i bambini 
con diversa motivazione intrinseca di affiliazione durante le interazioni tra coetanei? 
Nel Capitolo 3, abbiamo testato il mimetismo facciale dei bambini con una tendenza di 
attaccamento sicuro e insicuro a seguito dell'ostracismo dei coetanei. L'attaccamento è stato valutato 
tramite un questionario per i genitori e il mimetismo facciale con l’EMG in un gruppo di bambini di 5 
anni. I bambini hanno partecipato a un gioco computerizzato, chiamato Cyberball, in cui dovevano 
lanciare una palla a due giocatori virtuali, attraverso due pulsanti.  Il gioco è stato programmato in modo 
tale che un giocatore si comportasse in modo inclusivo e l’altro in modo ostracizzante. Dopo la partita, i 
bambini vedevano le espressioni facciali di felicità e tristezza dei due giocatori, mentre la loro attivazione 
facciale del ZM e CS è stata registrata. Abbiamo trovato un'espressione simile a un sorriso in risposta sia 
alle espressioni facciali felici che a quelle tristi del giocatore ostracizzante e reazioni non significative nei 
confronti del giocatore inclusivo. Questi risultati evidenziano la specificità del mimetismo facciale come 





mezzo affiliativo in seguito a un’esperienza ostracizzante, mentre una tale risposta non è presente nei 
confronti di un pari con cui era già stata stabilita l'affiliazione. Inoltre, solo i bambini con un attaccamento 
sicuro hanno manifestato queste risposte, suggerendo che in una situazione di stress, i bambini con un 
attaccamento insicuro potrebbero immobilizzarsi come meccanismo difensivo durante le interazioni 
sociali negative. Dato il ruolo cruciale dell'attaccamento durante il precoce sviluppo sociale, ci siamo 
chiesti se le tendenze di attaccamento abbiano un impatto sul mimetismo facciale anche durante l'età 
adulta. 
Nel Capitolo 4, abbiamo esaminato se le tendenze di attaccamento modulino il mimetismo facciale 
in età adulta. Il mimetismo facciale delle emozioni è stato valutato utilizzando l'EMG e le tendenze di 
attaccamento attraverso un questionario. Utilizzando un approccio Bayesiano, abbiamo trovato prove 
forti a sostegno di una assenza di relazione tra le tendenze di attaccamento e il mimetismo facciale negli 
adulti. Questi risultati sono in contrasto con i nostri precedenti risultati con i bambini e sollevano, quindi, 
importanti domande sul ruolo dell'attaccamento nella modulazione dei comportamenti di affiliazione 
durante la vita adulta. 
Nel Capitolo 5, abbiamo esaminato l'architettura cognitiva alla base dell'emergenza del mimetismo 
facciale studiando le interrelazioni tra empatia affettiva e cognitiva e le  risposte facciali congruenti alle 
emozioni altrui in tre campioni (3 e 6 anni, adulti). In precedenza, abbiamo esaminato il mimetismo 
facciale in risposta a un'espressione facciale osservata, ma ci sono alcune prove che gli adulti siano in 
grado di mostrare reazioni emotive congruenti anche quando l’espressione emotiva facciale non è visibile, 
basandosi quindi su altri segnali. In questo studio, abbiamo avanzato l’ipotesi che questa capacità possa 
essere supportata dall'empatia cognitiva, ovvero la capacità di comprendere lo stato emotivo degli altri. 
A sua volta, imitare l'espressione emotiva facciale di un'altra persona potrebbe essere correlato all'empatia 
affettiva, vale a dire l'esperienza emotiva indiretta dello stato emotivo di un'altra persona. Per testare 
questa ipotesi, abbiamo mostrato ai partecipanti emozioni di felicità, dolore e disgusto in due condizioni: 
una in cui il viso era visibile e una in cui il viso era sfocato e gli indizi contestuali fornivano l'unica 
informazione emotiva. Il mimetismo facciale è stato valutato con l’EMG, mentre l’empatia tramite 
questionari. A differenza degli adulti che mostravano espressioni facciali congruenti alla felicità, sia 
quando il viso era visibile che non, i bambini di 3 e 6 anni imitavano solo l'espressione facciale visibile. 
Inoltre, non abbiamo trovato alcuna relazione con l'empatia a nessuna età. Per gli stimoli di dolore e 
disgusto, sono emerse risposte facciali incoerenti. Questi risultati arricchiscono la nostra conoscenza sullo 
sviluppo delle risposte facciali emotive congruenti agli stati affettivi degli altri, dimostrando che durante 
l'infanzia l'input motorio facciale può essere essenziale per suscitare il mimetismo facciale, mentre gli 
adulti rispondono con risposte facciali congruenti anche in assenza dell'espressione facciale. 
In conclusione, questa tesi ha messo in luce un fattore importante nell’emergere e nella 
modulazione del mimetismo sociale: la motivazione intrinseca di affiliazione derivante dalle prime 





relazioni di attaccamento genitore-figlio (Capitolo 2). È stato riscontrato che i bambini con un 
attaccamento sicuro utilizzano selettivamente il mimetismo facciale nei confronti di un coetaneo che 
ostracizza durante le interazioni sociali, come mezzo per ottenere l'affiliazione (Capitolo 3). Al contrario, 
nell'età adulta non è stata trovata alcuna relazione tra attaccamento e mimetismo facciale (Capitolo 4). 
Infine, questa tesi sottolinea l'importanza dell'input motorio per il mimetismo facciale nell'infanzia, 
mentre in età adulta, risposte facciali emotive congruenti possono anche fare affidamento esclusivamente 
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indeajuns recunostinta penru sacrificiile voastre si pentru a-mi pava strada pe care o pasesc astazi! Forta 
voastra de munca, bunatatea, generozitatea si perseverarea in momente dificile sunt doar unele dintre 
calitatile cu care m-ati echipat sa fac fata la un parcurs care de multe ori s-a dovedit greu. Dar, “Nimic nu 



































































Donders Graduate School for
Cognitive Neuroscience





For a successful research Institute, it is vital to train the next generation of young scientists. To achieve 
this goal, the Donders Institute for Brain, Cognition and Behaviour established the Donders Graduate 
School for Cognitive Neuroscience (DGCN), which was officially recognised as a national graduate 
school in 2009. The Graduate School covers training at both Master’s and PhD level and provides an 
excellent educational context fully aligned with the research programme of the Donders Institute. The 
school successfully attracts highly talented national and international students in biology, physics, 
psycholinguistics, psychology, behavioral science, medicine and related disciplines. Selective admission 
and assessment centers guarantee the enrolment of the best and most motivated students. The DGCN 
tracks the career of PhD graduates carefully. More than 50% of PhD alumni show a continuation in 
academia with postdoc positions at top institutes worldwide, e.g. Stanford University, University of 
Oxford, University of Cambridge, UCL London, MPI Leipzig, Hanyang University in South Korea, 
NTNU Norway, University of Illinois, North Western University, Northeastern University in Boston, 
ETH Zürich, University of Vienna etc.. Positions outside academia spread among the following sectors: 
specialists in a medical environment, mainly in genetics, geriatrics, psychiatry and neurology. Specialists 
in a psychological environment, e.g. as specialist in neuropsychology, psychological diagnostics or 
therapy. Positions in higher education as coordinators or lecturers. A smaller percentage enters business 
as research consultants, analysts or head of research and development. Fewer graduates stay in a research 
environment as lab coordinators, technical support or policy advisors. Upcoming possibilities are 
positions in the IT sector and management position in pharmaceutical industry. In general, the PhDs 
graduates almost invariably continue with high-quality positions that play an important role in our 
knowledge economy.  












































Research Data Management 





Research Data Management  
This research followed the applicable laws and ethical guidelines. Research Data Management was 




This thesis is based on the results of human studies, which were conducted in accordance with the 
principles of the Declaration of Helsinki and approved by the Independent Review Board Nijmegen, the 
Netherlands. This research is funded by an Aspasia Prize of the Netherlands Organisation for Scientific 
Research (NWO) awarded to Prof. Dr. Sabine Hunnius.  
 
Findable Accessible  
The table below details where the data and research documentation for each chapter can be found on 
the Donders Repository (DR). All data archived as a Data Sharing Collection remain available for at least 




DAC RDC DSC  
2 2018.00152_491 2018.00152_088 2018.00152_598 
3 2018.00151_230 2018.00151_230 2018.00151_758 
4 2017.00097_057 2017.00097_904 2017.00097_354 
5 2021.00020_075 2021.00020_151 2021.00020_785 
DAC = Data Acquisition Collection, RDC = Research Documentation Collection, DSC = Data 
Sharing Collection 
 
Because of privacy reason of the children, video data could not be shared in a Data Sharing Collection.  
 
Interoperable, Reusable  
The raw data are stored in the DAC in their original form. For RDC long-lived file formats (e.g. .sav, 
.csv, .tif,) have been used ensuring that data remains usable in the future. Analysis scripts and used 
software have been specified.  
 
Privacy  
The privacy of the participants in this thesis has been warranted using unique identification number. The 
key that linked this number with the personal data is only accessible for the executive researcher and the 
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